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THE  EXCRETION  OF  CREATINE  AND  CREATININE 
PARENTERALLY  INTRODUCED. 

By  J.  F.  LYMAN  and  J.  C.  TRIMBY. 

(From  the  Laboratory  of  Agricultural  Chemistry j  Ohio  State  Univernty, 

Columbus,) 

(Received  for  publication,  Dec^nber  6,  1916.) 

The  experiments  of  Folin  (1)  in  1906  led  him  to  doubt  that  any  meta- 
bolic relation  exists  between  creatine  and  creatinine  and  for  a  time  sup- 
pressed the  principle  laid  down  by  Liebig  (2)  and  generally  accepted  that 
urinary  creatinine  results  from  the  metabolism  of  muscle  creatine. 

All  experiments  on  the  metabolism  of  creatine  and  creatinine  in  which 
the  substances  are  fed  are  open  to  the  criticism  that  absorption  of  the  un- 
changed* substances  may  never  occur  because  of  their  destruction  by  mi- 
croorganisms in  the  alimentary  tract.  Mellanby  (3)  in  1908  applied  jbhis 
criticism  to  Folin' s  experiment  mentioned  above,  and  in  1912  Twort  and 
Mellanby  (4)  isolated  from  the  feces  an  organism  capable  of  decomposing 
creatine. 

The  results  of  experiments  in  which  creatine  or  creatinine  have  been  in- 
troduced parenterally  are  somewhat  conflicting.  Lefmann  (5)  obtained  no 
evidence  that  creatine  is  converted  to  creatinine.  Pekelharing  and  Van 
Hoogenhuyze  (6)  and  Myers  and  Fine  (7)  working  with  rabbits  noted  an 
increased  elimination  of  creatinine  after  the  injection  of  creatine,  while  a 
part  of  the  creatine  reappeared  unchanged  after  the  administration  of 
comparatively  large  amounts. 

That  creatine  ingestion  may  be  followed  by  increased  creatinine  excre- 
tion is  further  confirmed  by  several  investigators,  especially  by  Rose  and 
Dimmitt  (8)  who  fed  large  amounts,  Up  to  20  gm.  per  day,  of  creatine  to 
men.  They  obtained  an  immistakable  increase  in  creatinine  output  and 
recovered,  unchanged  in  the  urine,  a  part  of  the  ingested  creatine,  as  high 
as  75  per  cent  when  the  largest  amounts  were  fed.  After  feeding  creatinine, 
up  to  16  gm.  per  day,  77  to  78  per  cent  was  recovered  in  the  urine  un- 
changed while  no  creatine  was  excreted.  These  results  lead  Myers  and 
Fine,  and  Rose  and  Dinmiitt  to  conclude  that  an  intimate  physiological 
relation  exists  between  creatine  and  creatinine. 

The  results  of  our  experiments  support  this  view.  In  -order  to 
avoid  danger  of  bacterial  decomposition  of  the  materials  in  the 
intestine  we  injected  sterilized  solutions  of  creatine  and  creati- 
nine subcutaBeously.    The  24  hour  urines  were  analyzed  daily  by 
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2  Creatine  and  Creatinine 

the  following  methods:  creatinine  by  Folin's  method  (9);  creatine 
by  the  Folin-Benedict  method  (10) ;  ammonia  by  Folin's  method 
(11);  urea  by  the  method  of  Van  Slyke  and  Cullen  (12);  total  ni- 
trogen by  the  Kjeldahl  method. 

The  creatine  used  was  prepared  partly  from  dog  muscle  and 
partly  from  python  muacle,  the  creatinine  from  urine  by  Bene- 
dict's method  (13).  The  purity  of  the  specimens  was  established 
by  their  nitrogen  content.  The  creatine  and  creatinine  were 
dissolved  in  0.9  per  cent  sodium  chloride  solution  and  sterilized 
by  boiling.  The  creatine  solution  after  steriUzing  gave  a  nega- 
tive test  for  creatinine. 


Experiments  with  Man. 

A  normal  man,  28  years  of  age,  weighing  80  kilos,  and  1.8 
meters  in  height  served  as  subject.  The  diet  was  creatine-cre- 
atinine-free  and  consisted  of  bread,  butter,  sugar,  starch  pudding, 
chocolate,  vegetables,  and  fruit.  The  character  of  the  diet  was 
constant  but  the  quantity  varied  somewhat  from  day  to  day. 
The  first  injection  was  made  on  the  5th  day  after  beginning  the 
diet  when  the  elimination  of  creatinine  had  become  constant. 
The  injections  were  made  in  the  thigh  or  calf,  the  creatinine  at 
one  dose,  and  the  creatine  divided  and  given  in  thirteen  portions 
at  intervals  of  30  minutes  until  all  had  been  taken.  Analyses  of 
the  first  4  days'  urines  are  not  included.    The  results  follow. 

Effect  of  Subcutaneous  Injections  of  Creatine  and  Creatinine  on  Their 

ElimincUion  in  the  Urine, 


Vol- 
ume. 

Reaction  to 
litmus. 

Sp.gr. 
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N. 

« 

Urea 

N. 

Am- 
monia 

N. 

Cre- 
atinine 

N. 

Crea- 
tine N. 

Injected  nitro- 
gen recoyered. 

9 

1 

Aa  crea- 
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As  cre- 
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gm. 

gm. 

gm. 

gm. 
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per  ocnl 

per  cetU 

5 

560 

Acid. 

1.025 

5.81 

4.50 

0.43 

0.52 

0.000 

6 
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(( 

1.029 

6.11 

4.57 

0.47 

0.64 

0.024 

4 

20 

7 
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(( 

1.020 

5.61 

4.20 

0.41 

0.52 

0.000 

8 

576 

Neutral. 

1.023 

6.63 

5.16 

0.46 

0.56 

0.0077 

4 

19 

9 

640 

Acid. 

1.020 

5.88 

4.59 

0.41 

0.52 

0.000 

10 

592 

« 

1.024 

6.09 

4,46 

0.50 

0.76 

0.000 

0 

66 

On  the  6th  day  injected  creatine  containing  0.584  gm.  of  N. 

«        a     g^j^      tt  «  it  u  Q  ig^    it      ti     u 

"      "  10th   "         "         creatinine       "         0.361    "     "    « 
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In  man  the  larger  part  (76  to  77  per  cent)  of  the  creatine 
injected  was  destroyed  or  stored  in  the  body. 

The  injection  of  creatinine  was  not  followed  by  the  excretion 
of  creatine  in  the  urine.  This  is  not  proof,  however,  that  the 
creatine-creatinine  mechanism  is  non-reversible. 

Since  writing  the  above  a  paper  by  Bums  and  Orr  (17)  has  appeared  in 
which  they  report  no  increased  creatinine  excretion  after  the  ingestion  of  0.5 
gm.  of  creatine  per  day.  They  suggest  that  the  increased  creatinine  elimi- 
nation observed  by  Myers  and  Fine  after  the  ingestion  of  creatine  may 
have  been  due  to  a  diuresis  on  the  experimental  da3rs.  In  our  experiments 
with  man  this  criticism  will  not  apply  since  the  urine  voliune  is  no  greater 
on  the  creatine  than  on  the  normal  days. 
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Creatine  and  Creatinine 


Rabbit  I,  Weight  1  fiSO  Gm.    Diet  SOOGm.of  Carrots  and  S  Gm.  of  OaU  Daily. 
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On  the  4th  day  injected  creatinine  containing  0.0297  gm.  of  N. 
"     "    6th    "         "        creatine  "         0.0302    "     "   " 

"     "    7th    "         "  "  "         0.0300    "     "   " 

Rabbit  11,  Weight  1,810  Gm,    Diet  800  Gm.  of  Carrots  and  5  Gm.  of  Oats  Daily. 
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On  the  4th  day  injected  creatinine  containing  0.0284  gm.  of  N. 
"     "    6th    "         "        creatine  "  0.0283    "     "   " 

a     tt    71- j^    tt         tt  tt  tt  0.0288    "      "   " 


SUMMARY. 


Subcutaneous  injections  of  creatine  into  rabbits  and  man  were 
followed  by  increased  urinary  creatinine  excretion  which  is  fur- 
ther evidence  of  an  intravital  transformation  of  creatine  to 
creatinine. 


CHOLESTEROL  AND  CHOLESTKIOL  ESTERS  IN  HUMAN 

BLOOD.* 

By  W.  R.  BLOOR  and  ARTHUR  KNUDSON. 

(Prom  the  LabanUories  of  Biological  Chemistry  of  the  Harvard  Medical 

School,  Boston,) 

(Received  for  publication,  December  18,  1916.) 

Cholesterol  occurs  in  practically  all  animal  tissues  and  is  there- 
fore probably  an  important*  substance  in  the  animal  economy.  It 
was  one  of  the  earliest  biochemical  substances  discovered  and  be- 
cause of  its  wide  occurrence  and  also  its  relative  stability  it  has 
been  the  subject  of  much  investigation.  Nevertheless  there  is 
little  definite  knowledge  regarding  its  origin,  fate^  or  fimction  in 
living  beings. 

Cholesterol  originates  in  the  animal  body  mainly  from  the  food,  either  as 
such  in  animal  food,  or  in  plant  material  as  isomeric  forms  which  the  animal 
is  able  to  change  into  cholesterol.^  There  is  no  satisfactory  agreement 
among  investigators  as  to  whether  it  can  be  synthesized  in  the  body. 
Desani'  has  claimed  that  it  is  readily  synthesized,  while  Gardner  and 
Lander*  consider  its  synthesis  doubtful.  Lifschlitz*  believes  that  it  is 
fonned  from  oleic  acid.  It  seems  likely,  at  any  rate,  that  although  syn- 
thesis is  probable  it  is  not  an  important  factor  in  the  supply  to  the  animal. 
Cholesterol  is  absorbed  from  the  intestine,  increasing  the  blood  choles- 
terol,^* and  during  absorption  is  partly  esterified  with  the  fatty  acids, 
the  extent  of  combination  being  quite  definite.' 

As  regards  its  fate  in  the  body,  there  is  some  evidence  that  it  may  be 
burned^*  and  also  that  it  may  be  a  source  of  the  bile  acids."  Ordinarily, 
however,  the  greater  part,  if  not  all,  of  the  excess  of  cholesterol  is  excreted 
in  the  feces  or  by  the  skin  after  partly  undergoing  slight  oxidation  or 
reduction.  It  is  excreted  in  the  intestine  practically  entirely  free,  while 
in  the  skin  secretions  it  appears  almost  entirely  as  esters  of  the  fatty 
acids.  In  certain  animahs,  notably  the  rabbit,  there  appears  to  be  a  limit 
to  the  power  of  excretion,  and  if  large  amoimts  are  fed,  it  accumulates 
first  in  the  blood,  then  in  the  organs  such  as  the  suprarenals,  liver,  and 

*  A  report  of  this  work  was  presented  before  the  American  Chemical 
Society  in  New  York,  September,  1^16. 
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whose  blood  have  already  been  reported.** •  *•  Jn  addition  there  were  a 
number  of  others  obtained  mainly  from  the  wards  of  the  Massachusetts 
General  Hospital  through  the  kindness  of  Dr.  W.  Denis. 

The  methods  for  cholesterol  and  cholesterol  esters  have  been 
reported  recently.^-  ^  They  consist  m  determinations  of  these 
substances  in  extracts  of  the  blood  before  and  after  precipitation 
of  the  free  cholesterol  with  digitonin.  For  total  cholesterol  10 
cc.  of  the  extract  were  ordinarily  used  and  20  cc.  for  the  choles- 
terol esters.    The  results  are  given  in  the  tables. 


. 

TABT.K  I. 

Cholesterol  and  Cholesterol  Esters  in  Human  Blood. 

Mg.  ] 

1 
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Pathological. 
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• 
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69 
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46.6 
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65 
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49.3 

,  180 

59 
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1 

36.0 

=  180 

62 
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•  135 
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!  178 

\  60 

33.7 

•  344 
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43.6 

» 

Pernicious  anemia. 

156 

62 

39.7 

Averaire. .  • . 

33.8 

Hemophilia. 

156 

52 

33.3 

Women. 

195 

« 

\  60 

30.8 

Wdmen.     ^ 

t 

( 
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,  60 

33.9 

Diabetes. 
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53.1 
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I  61 

30.9 

« 

352 

'  19S 

56.5 

184 

60 

32.6 
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•     63 

38.0 

208 

'87 

41.8 

tt                      u 

.  156 

,     62 

39.7 
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:  61 

29.7 

Carcinoma. 

212 

75 

35.3 

t 

i< 
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212 

42 

72 

23.3 
34.0 

Average — 

J 

1 

33.3 

Uremia. 

I 

Hyperthyroidism . 

238 

81 

32.0 

( 

Typhoid. 

185 

82 

44.3 

* 

Goiter. 

247 

83 

33.6 

• 

Asthma. 

172 

63 

36.6 

Pregnancy. 

291 

160 

54.9 

« 

181 

85 

47.0 

1 
1 

tt 

250 

150 

60.0 
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Cholesterol  and  Its  Esters 


TABLE  II. 

Cholesterol  and  Cholesterol  Esters  in  Human  Blood  Plasma.    Mg.  per  100  Cc. 


Nonnal 

• 

Patbobsical. 

Hen. 

Total. 

Aseeter. 

Men. 

Total. 

Ab  ester. 

mg. 

mg. 

per  cent 

mg. 

mg. 

per  c^nt 

202 

120 

59.4 

Diabetes. 

250 

102 

40.8 

207 

116 

56.1 

282 

170 

60.3 

208 

127 

61.0 

396 

208 

52.5 

200 

117 

58.5 

454 

272 

59.9 

245 

120 

49.0 

470 

253 

53.8 

180 

117 

65.0 

476 

223 

46.8 

291 

164 

56.3 

508 

218 

42.9 

190 

90 

47.4 

538 

250 

46.4 

192 

109 

56.7 

577 

240 

41.6 

210 

117 

55.7 

915 

505 

55.1 

198 

112 

56.5 

1,060 

594 

56.0 

196 
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59.6 

Pernicious  anemia< 

150 

100 

66.6 

208 
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61.5 

149 

66 

44.3 

203 
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60.6 

Nephritis. 

161 

58 

36.0 

220 
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68.2 
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86 

50.0 

195 

117 

60.0 
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74 

44.8 

221 

101 

45.7 
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Carcinoma. 
Hemophilia. 
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36.0 
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Averase. . . . 
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A  ^*    ■    ^^^  ^^^^9  ^^  •     •     •    • 
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51.5 
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Women. 
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126 

55.5 

Diabetes. 
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116 

63.7 
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133 

63.3 
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166 

61.0 

247 

137 

55.4 

275 
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65.5 

217 

152 

70.0 

■ 

356 

211 

59.2 

% 
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121 

62.0 

455 
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54.9 

140 

92 

65.7 

559 
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64.0 
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83 

50.9 
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175 
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58.2 
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66 

44.2 
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86 
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62.0 
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88 
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« 
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90 

78.0 
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181 
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51 
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82 
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41.5 
35.2 

t 

240 

86 

Z\0 

Hyperthyroidism. 
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62 

31.1 

Anemia    with    leu- 

kemia. 

210 

106 

50.6 

Uremia. 

255 

78 

30.6 
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RESULTS  AND  DISCUSSION. 

In  normal  whole  blood  the  average  percentage  of  combined 
cholesterol  was  foimd  to  be  33.8  for  men,  with  variations  from  32 
to  36;  in  women  33.3  with  variations  from  30  to  42  per  cent. 

In  normal  plasma  the  average  percentage  of  cholesterol  com- 
bined as  ester  in  men  was  found  to  be  57.5  with  variations  from  46 
to  68;  for  women,  average  59.7  with  variations  from  51  to  70  per 
cent.  These  values  agree  very  well  with  those  reported  in  the 
literature.*^' **  The  variations  from  the  average,  generally  not 
xnore  than  15  per  cent,  are  the  same  as  those  found  for  other 
blood  lipoids  and  indicate  that  these  two  substances  are  subject 
to  the  same  sort  of  regulation. 

In  pathological  conditions  the  relation  between  free  and  boimd 
cholesterol  remains  normal  in  most  instances.  Even  in  those 
cases  (diabetes)  where  the  total  cholesterol  is  four  or  five  times 
the  normal  value  the  relation  holds  constant.  Low  values  for 
cholesterol  esters  in  the  plasma  were  found  in  most  cases  of  ne- 
phritis and  in  all  the  cases  of  carcinoma  examined.  The  values 
for  diabetic  plasma,  although  within  normal  limits,  are  in  general 
definitely  below  the  average,  in  contrast  to  the  corresponding 
values  in  whole  blood  which  are  distinctly  high.  In  whole  blood 
the  only  abnormal  values  for  cholesterol  esters,  aside  from  dia- 
betes, were  foimd  in  pregnancy  where  they  were  definitely  high, 
as  has  also  been  reported  by  Herrmann  and  Neimiann.*^ 

The  constancy  of  the  relationship  between  free  and  bound 
cholesterol  in  normal  individuals  indicates  that  with  cholesterol 
esters  as  with  the  other  lipoids  there  is  an  efficient  regulation, 
and  the  fact  that  there  is  so  little  variation  from  the  normal  re- 
lationship in  abnormal  conditions  emphasizes  what  has  been 
found  for  most  other  blood  constituents — ^that  the  metabolic 
habits  of  the  individual  are  not  easily  upset  even  by  severe  disease. 

The  percentage  values  for  free  and  bound  cholesterol  in  nor- 
mal whole  blood  and  plasma  bear  out  the  assumption  generally 
made  that  there  is  little  if  any  bound  cholesterol  in  the  corpuscles. 
However,  in  certain  of  the  abnormal  conditions  noted  above,  as, 
for  example,  diabetes,  the  relatively  low  values  in  plasma  to- 
gether with  the  high  values  in  whole  blood  indicate  that  in  some 
cases  the  corpuscles  may  contain  combined  cholesterol.  Further 
investigation  is  needed  to  confirm  these  indications. 


A  NOTE  ON  BENEDICTS  METHOD  FOR  THE  ESTIMA- 
TION OF  TOTAL  SULFUR  IN  URINE, 

By  MAURICE  H.  GIVENS. 

(From  the  Sheffield  Laboratory  of  Physiological  ChemiBtry,  Yale  University, 

New  Haven.) 

(Received  for  publication,  December  6,  1916.) 

The  determination  of  the  amount  of  total  sulfur,  and  conse- 
quently the  "neutral"  sulfur  content  of  urine,  demands  an  ac- 
curate method,  if  any  reliance  is  to  be  placed  upon  the  values  for 
the  latter  factor,  Folin  (1),  Benedict  (2),  Ritson  (3),  Gill  and 
Grindley  (4),  and  others  (5)  have  laid  down  procedures  for  the 
oxidation  and  estimation  of  the  '^neutral  sulfur  compoimds"  in 
urine.  Of  all  of  these  only  Benedict's  method  seems  to  have  sur- 
vived the  storm  of  criticism.  In  principle  it  depends  upon  the 
oxidation  of  the  urine  with  copper  nitrate. 

Besides  the  proof  offered  by  its  originator,  and  the  fact  that  it 
is  included  by  several  authors  in  their  text-books  there  is  ad- 
ditional' evidence  (6)  that  Benedict's  method  is  satisfactory. 
Schmidt  (7),  in  whose  hands  it  gave  concordant  results,  foimd  that 
it  compared  favorably  with  FoUn's  method.  He  had  some  slight 
difficulty,  however,  and  says:  *'Any  slight  loss  due  to  spattering, 
which  may  sometimes  take  place  in  oxidizing  with  copper  nitrate, 
can  be  prevented  by  covering  the  evaporating  dish  with  a  watch- » 
glass."  Such  a  procedure  may  prevent  any  loss  by  spattering, 
but  does  not  prevent  spattering. 

Denis  (8)  attempted  to  use  Benedict's  method  but  this  attempt 
she  says,  ".  .  .  .  resulted  in  utter  failure,  as,  owing  to  the 
violent  decrepitation  and  spattering  produced  at  the  beginning  of 
ignition  by  the  sodiimi  or  potassium  chlorate  employed,  mechani- 
cal loss  invariably  resulted  in  every  one  of  the  forty  attempts 
made.  No  amoimt  of  care  in  heating  seemed  to  lessen  the  spat- 
tering." She  offered  no  figures  to  substantiate  the  statements,  as 
Benedict  (9)  himself  notes,  and,  instead  of  trying  to  overcome 
the  spattering,  proceeded  to  modify  the  original  method. 
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22  Chemical  Composition  of  Placenta 

Total  nitrogen  detenninations  were  made  according  to  the  official  Giin- 
ning-Kjeldahl  method.  The  phosphoric  acid  was  determined  both  in  the 
petroleum  ether-soluble  substance  and  in  the  desiccated  fat-free  material 
by  heating  1  gm.  of  the  substance  with  2  cc.  of  sulfuric  acid  and  several 
small  portions  of  nitric  acid,  until  oxidation  was  complete.  The  clear 
liquid  was  diluted  with  water  and  the  phosphorus  pentoxide  determined 
by  the  official  volumetric  method. 

The  sulfur,  iron,  calcium,  and  magnesium  determinations  were  made  in 
the  usual  way  after  previous  fusion  of  the  desiccated  fat-free  substance 
with  fusion  mixture.  The  sodium,  potassium,  and  chlorine  were  deter- 
mined on  the  ash  which  was  incinerated  at  a  temperature  below  dull  red 
heat. 

The  tabulated  results  show  that  the  maternal  cotyledons  con- 
tain less  moisture  and  more  protein  and  fats,  phosphatides,  etc., 
than  their  corresponding  placentulas.  The  older  uterine  cotyle- 
dons contain  more  potassium  and  less  sodium  than  the  younger, 
but  otherwise  the  variations  in  the  mineral  constituents  are  com- 
paratively slight  at  the  two  selected  stages  of  pregnancy. 

The  young  fetal  placenta  contains  much  more  chlorine  and 
considerably  more  sodium  and  calcium  and  less  of  the  other  in- 
organic constituents  than  the  older  fetal  placenta.  It  is  evident, 
therefore,  that  chlorine,  sodium,  and  calcium  are  of  vital  impor- 
tance in  early  fetal  life.  Later,  during  the  rapid  growth  periods, 
the  amounts  of  these  three  elements  diminish  while  the  quantities 
of  phosphorus,  sulfur,  potassium,  iron,  and  magnesia  increase. 

The  3  to  4  months  old  fetal  placentulas,  which  are  of  a  pale  pink 
color,  contain  only  about  one-third  the  quantity  of  iron  that  is 
present  in  the  older  and  dark  red  fetal  placentulas.  This  indi- 
cates that  the  amount  of  hemoglobin  in  the  fetal  blood  is  small 
during  the  earlier  stages  of  pregnancy,  but  increases  in  direct 
proportion  to  the  growth  of  the  fetus. 

All  four  samples  gave  negative  tests  for  epinephrin  and  iodine 
when  lean  meat  was  employed  for  control  analyses. 

5  gm.  portions  of  the  dry  powders  were  macerated  at  room  tempera- 
ture with  50  cc.  of  water,  and  iodine  solution  was  added  until  a  permanent 
yellow  color  remained.  After  standing  for  some  time  the  uterine  liquids 
developed  a  pronoimced  port  wine  coloration  similar  to  that  produced  by 
addition  of  iodine  to  glycogen  solutions.  The  color  appeared  first  in  the 
finer  particles  of  the  sediment  and  was  gradually  yielded  to  the  liquid. 
This  did  not  occur  in  the  yoimg  fejal  extract,  which  remained  light  yel- 
low.   The  old  fetal  maceration  was  of  a  dark  red  color  which  prevented 
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observation.  This  test,  therefore,  seems  to  indicate  that  glycogen  is 
stored  in  the  uterine  portion  of  the  placenta  during  pregnancy  but  not  in 
the  fetal  part.  No  attempts  were  made  to  separate  or  identify  the  glyco- 
gen further. 

In  an  attempt  to  separate  the  liquid  from  the  tissue,  portions  of  the 
finely  minced  fresh  substances,  both  fetal  and  uterine,  were  centrifuged  in 
a  large  powerful  machine  for  1}  hours  at  a  speed  of  3,200  revolutions  per 
minute.  The  cells,  however,  hold  the  liquid  very  firmly  as  it  was  possi- 
ble to  obtain  only  a  few  cc.  from  200  gm.  portions  of  the  various  sam- 
ples. The  liquids  were  all  faintly  acid  to  litmus,  opalescent,  and  light 
orange-colored  from  the  uterine  placentas.  The  older  fetal  placenta 
yielded  dark  red,  and  the  younger  yellowish  pink  fluids. 

SUMMARY. 

The  constituents  of  the  uterine  placenta  seem  to  remain  com- 
paratively uniform  throughout  gestation,  while  the  fetal  placenta 
varies  considerably  in  composition  at  diflferent  stages  of  preg- 
nancy. Analytical  data  of  the  two  portions  of  the  placenta  are 
given  and  the  results  discussed. 


THE  ESTIMATION  OF  HYDROCYANIC  ACID  AND  THE 
PROBABLE  FORM  IN  WHICH  IT  OCCURS  IN 

SORGHUM  VXTLGARE. 

By  J.  J.  WILLAMAN. 

(Prom  the  Laboratory  of  Agricultural  Biochemistry,  Minnesota  Agricultural 

Experiment  Station,  St.  Paul.) 

(Received  for  publication,  December  5,  1916.) 

INTRODUCTION. 

The  biochemistry  of  cyanogen  compounds  has  received  a  con- 
siderable amount  of  attention,  not  only  because  of  their  practi- 
cal importance  in  such  substances  as  bitter  almonds,  linseed  cake, 
fodder  grasses,  etc.,  but  also  because  of  the  theoretical  interest 
which  attaches  to  their  probable  function  in  plants.  From  either 
viewpoint,  facts  of  first  importance  to  be  ascertained  are  the  na- 
ture of  the  cyanogenetic  compounds,  means  of  estimating  them 
quantitatively,  their  situation  in  the  plant,  and  their  reaction  to 
mechanical  and  chen[iical  treatment  of  the  plant.  Although  the 
first  two  points  have  received  more  attention  than  the  others,  they 
are  still  far  from  being  answered  satisfactorily.  It  is  the  object 
of  the  present  paper  to  describe  some  experiments  on  Sorghum 
vutgare  bearing  on  these  questions. 

Concerning  the  form  in  which  prussic  acid  occurs  in  plants,  it 
is  generally  believed  that  it  exists  free  in  but  few  cases,  being  usu- 
ally combined  as  glucosides.  About  eight  such  glucosides  have 
been  isolated  and  identified.  The  nature  of  the  cyanide  body, 
however,  is  still  unknown  in  the  great  majority  of  the  plants 
which  are  known  to  contain  the  cyanide  group.  Only  a  few  cases 
are  on  record  where  the  evidence  pointed  definitely  to  the  exist- 
ence of  imcombined  hydrocyanic  acid.  Treub^  found  it  "free  or 
in  a  very  loosely  combined  state"  in  Pangium  edvle,  a  tropical 

*  Treub,  M.,  Sur  la  localisation,  le  transport,  et  le  r61e  de  i'acide  cyan- 
hydrique  dans  le  Par^um  edule,  Ann.  Jardin  Bot.  Buitemorg,  1896,  xiii,  1. 
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tree  containing  as  high  as  0.3  per  cent  of  the  dry  weight  of  the 
leaves  as  hydrocyanic  acid.  GreshoflF,*  with  the  same  plant,  came 
to  similar  conclusions.  Later  Peche,'  in  working  out  his  micro- 
chemical  test  for  cyanide,  found  it  free  or  "in  a  very  labile  form" 
in  both  Pangium  edtde  and  in  Prunus  lauroc&rasus.  Moore*  be- 
lieved that  he  had  free  hydrocyanic  acid  in  cassava.  The  writer, 
however,  questions  this  interpretation  of  his  results,  as  will  be 
discussed  later. 

Concerning  the  quantitative  estimation  of  cyanogenetic  com- 
pounds, it  has  usually  been  accomplished  by  the  estimation  of 
the  cyanide  itself,  since  it  is  impossible  to  extract  and  crystallize 
out  the  glucosides  quantitatively.    And  since  in  most  instances 
the  hydrocyanic  acid  itself,  and  not  the  glucoside,  is  the  critical 
element  under  observation,  the  investigator  is  content  to  deter- 
mine the  total  cyanide  present  and  disregard  any  other  bodies 
which  may  be  combined  with  it.    A  glucoside  linkage  is  usually 
assmned,  and  the  plant  tissues  treated  with  a  view  to  hydrolyzing 
this  glucoside  and  setting  free  the  hydrocyanic  acid.    This  is  done 
(1)  by  autolysis  (maceration  with  water),  (2)  by  added  enzyme 
(emulsin),  or  (3)  by  boiling  with  acids.    Autolysis  has  been  used 
frequently;  in  fact,  the  first  discovery  of  hydrocyanic  acid  in  the 
plant  world  by  Bohm  in  1803*  was  in  water  which  had  been  in 
contact  with  crushed  bitter  abnonds.     The  writer  used  it  in  his 
first  studies  on  the  dhurrin  in  sorghum.*    Autolysis  depends  upon 
the  coincident  existence  of  glucoside  and  glucosidase  in  the  same 
tissues,  but  not  in  contact  with  each  other  imtil  the  tissues  are 
crushed.     Since  in  a  given  tissue  the  enzyme  must  be  perfectly 
specific  for  its  accompanying  glucoside,  this  method  of  hydrolysis, 
where  applicable,  is  very  satisfactory.    Emulsin  seems  to  act  on 
all  cyanogenetic  glucosides;  and,  although  its  action  is  less  rapid 

«  Greshoff,  M.,  Distribution  of  prussic  acid  in  the  vegetable  kingdom, 
Report  Brit.  Assn.,  York,  1906,  138. 

3  Peche,  K.,  Mikrochemisher  Nachweis  der  Cyanwasserstoffsfiure  in 
Prunus  laurocerasus  L.,  Sitzungsb.  k.  Akad.  Wien.  1912,  cxxi,  33. 

*  Moore,  C.  C,  Cassava:  its  content  of  hydrocyanic  acid  and  starch 
and  other  properties,  U.  S.  Dept.  Agric,  Bureau  of  Chemistry,  Bull.  106, 
lyu/,  i.. 

'  Bohm,  Neues  allgemein.  J.  Chem.,  1803  (original  not  consulted) 

•  Willaman,  J.  J  and  West,  R.  M.,  Notes  on  the  hydrocyanic-acid  con- 
tent  of  sorghum,  J.  Agnc.  Research,  1915,  iv,  179. 
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than  that  of  the  autolyzing  enzymes,  it  is  nevertheless  a  highly 
effective  agent  in  bringing  about  the  hydrolysis  of  various  glu- 
cosides.  Acid  hydrolysis  in  most  cases  gives  the  same  final  prod- 
ucts as  does  enzyme  hydrolysis,  but  probably  does  not  go  to 
completion  or  follows  a  diJBferent  course.  Caldwell  and  Court- 
auld,'  using  a  10  per  cent  solution  of  amygdalin  and  normal  hy- 
drochloric acid,  found  only  85  per  cent  hydrolysis  in  200  hours  at 
60°C.,  and  92  per  cent  in  16  hours  at  80^*0.  Walker  and  Krieble* 
obtained  slow  and  incomplete  hydrolysis  with  hydrochloric  and 
sulfuric,  and  none  with  oxalic  or  trichloroacetic  acid.  Recently 
several  investigators**  ^®'  ^^  have  used  5  per  cent  sulfuric  or  5  per 
cent  tartaric  acid.  They  judged  the  completeness  of  their  hydrol- 
ysis only  by  the  failure  of  further  hydrocyanic  acid  to  distill 
over.  That  this  may  be  a  false  assmnption,  at  least  in  the  case 
of  certain  plants,  will  be  brought  out  in  the  following  experiments. 
The  writer  and  West,  in  the  1915  work  on  sorghum  at  the  Minne- 
sota Experiment  Station,^^  following  the  directions  of  Viehoever 
and  Johns,  ground  the  leaves  in  a  food  chopper  and  then  distilled 
from  5  per  cent  tartaric  acid.  No  further  cyanide  was  obtained 
after  an  hour's  distillation.  That  cyanide  obtained  in  this  way 
is  not  the  product  of  acid  hydrolysis,  but  of  enzyme  hydrolysis 
taking  place  previous  to  the  addition  of  the  acid,  is  in  part  the 
object  of  the  present  paper  to  show. 

The  success  of  any  method  for  the  determination  of  prussic  acid 
depends  not  only  on  the  complete  hydrolysis  of  the  glucoside,  but, 
also  on  the  complete  removal  of  the  cyanide  from  the  hydroly- 
sate.  A  thorough  discussion  of  this  latter  phase  of  the  question 
was  given  by  Alsberg  and  Black.^®    In  their  experiments  with 

^  Caldwell,  R.  J.,  and  Courtauld,  S.  L.,  The  hydrolysis  of  amygdalin 
by  acids,  J.  Chem.  Soc.,  1907,  xci,  666. 

■  Walker,  J.  W.,  and  Krieble,  V.  K.,  The  hydrolysis  of  amygdalin  by 
acids,  J.  Chem,  Soc.,  1909,  xcv,  1369. 

'  Viehoever,  A.,  and  Johns,  C.  O.,  On  the  determination  of  small  quan- 
tities of  hydrocyanic  acid,  /.  Am.  Chem.  Soc.,  1914,  xxxvii,  601. 

*®  Alsberg,  C.  L.,  and  Black,  O.  F.,  The. separation  of  autogenous  and 
added  hydrocyanic  acid  from  certain  plant  tissues  and  its  disappearance 
during  maceration,  J.  Biol.  Chem.,  1916,  xxv,  133. 

"  Viehoever,  A.,  Johns,  C.  O.,  and  Alsberg,  C.  L.,  Cyanogenesis 
in  plants.  Studies  on  Tridens  flaws  (tall  red  top),  /.  Biol.  Chem.,  1916, 
xxv,  141. 

"Willaman  and  West,  Effect  of  climatic  factors  on  the  hydrocyanic 
acid  content  of  sorghimi,  J.  Agric.  Research,  1916,  vi,  261. 
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several  cyanogenetic  plants  they  noticed  a  loss  of  hydrocyanic 
acid  when  the  macerated  tissue  was  allowed  to  stand  some  hours 
before  distilling  from  acid.  Also,  added  cyanide  was  lost  in  the 
same  way.  A  non-cyanogenetic  plant,  Sambucus  canadensis,  did 
not  have  this  power.  They  proved  that  the  phenomenon  was 
not  due  to  enzymes,  and  suggested  that  there  was  a  chemical  re- 
action between  the  hydrocyanic  acid  and  some  other  substances 
in  the  tissues,  probably  aldehydes.  In  another  paper  by  Viehoe- 
ver,  Johns,  and  Alsberg,^^  retention  of  hydrocyanic  acid  on  mac- 
eration was  reported  in  Tridens  jUwus;  maceration  in  presence  of 
tartaric  acid  prevented  this  retention.  Henry  and  Auld"  devised 
a  scheme  which  was  designed  to  prevent  retention  of  cyanide  by 
the  macerated  tissue.  They  extracted  the  material  with  alcohol, 
evaporated  the  alcohol,  then  took  up  with  water,  and  distilled 
with  2  per  cent  HCl.  The  cyanogenetic  compounds  were  no 
doubt  removed  in  this  way,  but  whether  they  were  all  hydrolyzed 
by  the  acid  is  doubtful. 

It  is  evident  that  there  is  considerable  cause  for  questioning 
our  knowledge  of  the  actual  amount  of  hydrocyanic  acid  present  in 
various  plants  and  the  conditions  in  which  it  exists  there.  Most 
workers  in  this  field  have  not  taken  into  account  (1)  the  possible 
incomplete  liberation  of  hydrocyanic  acid  from  its  compounds,  (2) 
the  possible  incomplete  removal  of  the  acid  by  distillation,  and 
(3)  the  existence  of  various  states  of  combination  between  the 
hydrocyanic  acid  and  other  constituents  of  the  plants.  The  fol- 
lowing experiments  deal  with  these  three  points  in  the  cyanogene- 
sis  of  sorghum. 

EXPERIMENTAL. 

Material  and  Method. 

The  sorghum  used  in  these  experiments  was  of  the  Early  Amber 
variety  grown  on  the  plots  of  the  Minnesota  Agricultural  Experi- 
ment Station.  Most  of  the  samples  were  taken  between  the 
stages  of  full  bloom  and  maturity,  when  the  plants  were  6  feet 
high  or  over.    The  leaves  only  were  used. 

The  distilled  hydrocyanic  acid  was  collected  in  an  excess  of 
sodium  hydroxide,  and  determined  colorimetrically  by  the  Prus- 
sian blue  method  of  Viehoever  and  Johns.' 

1=  Henry,  T.  A.,  and  Auld,  S.  J.  M.,  The  occurrence  of  cyanogenetic 
glucosides  in  feedingstuffs,  J.  Soc,  Chem.  Ind.^  1908,  xxvii,  428. 
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The  procedure  with  some  samples  furnished  illustrations  for 
more  than  one  factor  under  observation.  *  Hence  in  the  tables 
considerable  duplication  of  laboratory  numbers  will  be  noticed. 
Instead  of  describing  and  discussing  the  procedure  followed  for 
each  sample  of  leaves  in  chronological  order  and  noting  the  vari- 
ous points  observed,  each  factor  (as  acid  hydrolysis,  autolysis, 
etc.)  will  be  taken  up  by  itself,  and  in  the  tables  reference  will  be 
made  to  the  experiments  from  which  the  data  were  obtained. 


Comparison  of  Add  and  Enzyme  Hydrolysis, 

In  order  to  determine  the  eflSciency  of  various  acids  as  hydro- 
lyzing  agents  for  cyanogenetic  glucosides,  the  trials  described  in 
Table  I  were  carried  out,  using  amygdalin  as  the  glucoside.  Hy- 
drol3r8is  by  ^nulsin  was  also  performed  for  comparison. 

TABLE  I. 


53 

54 

55 

56a 

56b 

56c 

57 

5Sa 

58b 
73 


34.4  mg 
34.4    " 
200 


u 


200 

200 

200 

200 

50 

50 
200 


it 

it 

it 
tt 


amygdalin  distilled  1}  hrs.  with  5  per 

cent  tartaric 

distilled  1}  hrs.  with  5  per 

cent  H,S04 

in  40  cc.  water,  100  mg. 

emulsin,  24  hrs.  at  45°C. 
distilled  2i  hrs.,  200  cc.  5 

per  cent  HsS04 

distilled  2}  hrs.,  200  cc.  5 

per  cent  HNOs 

distilled  2}  hrs.,  200  cc.  5 

per  cent  tartaric 

boiled  24  hrs.  with  200  cc. 

5  per  cent  HiS04* 

10  mg.  emulsin,  47°C.  4 

hrs 

5  mg.  emulsin,  47°C.  4  hrs. 
200  cc.  2  per  cent  HCl,  72 

hrs.  boiling 


it 


tt 


tt 


tt 


tt 


it 


tt 


tt 


tt 


mg. 

mg. 

2.00 

0.00 

2.00 

0.00 

10.56 

10.40 

10.56 

0.40 

10.56 

0.00 

10.56 

0.00 

10.56 

0.70 

2.64 

2.20 

2.64 

1.40 

10.56 

2.80 

percent 

0.0 

0.0 

98.5 

3.8 

0.0 

0.0 

6.7 

83.3 
53.0 

26.5 


*The  material  was  boiled  under  a  reflux  connected  with  bulbs  of  NaOH. 
After  the  cyanide  had  been  determined,  the  ammonia  was  distilled  off; 
1.0  mg.  of  N  as  NHa  was  obtained,  corresponding  to  1.9  mg.  of  HON. 


30  Hydrocyanic  Acid 

The  results  show  that  no  acid  is  at  all  efficient  for  the  hydroly- 
sis of  amygdalin.  As  evidenced  in  No.  57,  considerable  of  the 
hydrocyanic  acid  in  the  glucoside  is  set  free  as  ammonia  by  strong 
acids,  according  to  the  well  known  mandelonitrite  decomposi- 
tion. Emnlsin  proved  a  very  efficient  hydrolyzing  agent.  How 
far  we  are  safe  in  assmning  that  what  is  true  for  amygdalin  is  also 
true  for  dhurrin,  we  cannot  say  at  present.  However,  the  suc- 
ceeding experiments  will  show  that  dhurrin  is  probably  not  hy- 
drolyzed  by  acids  to  any  greater  extent  than  is  amygdalin. 

Effect  of  Autolysis. 

In  Table  II  are  collected  the  data  obtained  in  the  various  ex- 
periments dealing  with  the  autolysis  of  the  macerated  sorghum 
leaves.  The  procedure  in  general  was  to  grind  the  leaves  in  a 
food  chopper,  and  then  put  them  into  300  cc.  of  water  for  autol- 
ysis, or  into  300  cc.  of  6  per  cent  tartaric  acid  for  distillation. 
It  was  not  expected  that  the  acid  would  hydrolyze  any  dhurrin; 
it  merely  furnished  an  acid  medium  from  which  to  distill  the  hy- 
drocyanic acid  present  in  the  tissues  from  any  source  whatsoever, 
and  prevented  enzyme  action.  In  order  to  preclude  entirely  any 
chance  for  enzyme  action  on  the  dhurrin,  in  some  cases  the  leaves 
were  moistened  with  the  tartaric  acid  before  grinding,  and  then 
were  ground  directly  into  more  of  the  acid.  In  the  tables  this 
method  is  called  "grinding  with  tartaric,"  and  is  used  as  a  check 
determination  in  most  cases  to  judge  the  effect  of  autolysis. 

In  Nos.  60  and  62  there  is  a  marked  increase  in  hydrocyanic 
acid  after  hydrolysis;  there  is  no  increase  in  Nos.  70  and  65,  where 
no  tartaric  acid  was  added  before  distilling.  This  is  the  reverse 
of  what  was  suggested  by  Viehoever,  Johns,  and  Alsberg.^*  They 
did  not  offer  an  explanation  of  why  the  addition  of  acid  after 
the  period  of  autolysis  should  affect  the  retention  of  cyanide. 
In  Nos.  87  and  84,  the  check  was  ground  with  tartaric;  the  other 
sample  had  a  chance  to  autolyze  from  the  moment  the  tissues 
were  ruptured  till  the  macerated  mass  was  heated  to  the  killing 
temperature  of  the  enzyme,  probably  10  minutes.  This  was  evi- 
dently sufficient  time  for  considerable  hydrolysis  to  take  place, 

^*  Viehoever,  Johns,  and  Alsberg,  Cyanogenesis  in  plants.  Studies  on 
Tridens  flavus  (tall  red  top),  J.  Biol,  Chem.,  1916,  xxv,  142. 
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but  insiifScient  for  much  "retaining"  action  of  the  tissues  on  the 
hydrocyanic  acid.  In  comparison  to  this,  Nos.  87  and  85  show 
complete  retention  in  16  hours'  autolysis.  Two  examples  of  4 
hour  autolysis  are  given  in  Nos.  88a  and  88b,  and  Nos.  91a  and 
91b.    There  is  a  marked  increase  in  both  cases. 

It  is  apparent  from  these  data  that  the  hydrolysis  of  dhumn  in 
solium  leaves  by  the  action  of  the  contained  ghicosidase  takes 
place  rapidly;  it  is  probably  completed  in  a  few  hours,  perhaps  in 
a  few  minutes.    Auld^^  found  that  when  linseed  cake  was  auto- 

TABLE  II. 

The  Effect  of  Autolysis  of  Sorghum  Leaves  for  Various  Lengths  of  Time,  on 

the  Yield  of  Hydrocyanic  Acid. 


HCN  per  100 

gm.  of  dry 

matter. 

Nofl. 

Conditions  of  autolysis. 

Method  of  determining  HCN. 

Before 

After 

autoly- 

autoly- 

sis. 

sis. 

mg. 

mg. 

60  and  62 

24  hrs.,  47*",  300  cc. 

Distilled  from  5  per  cent 

tartaric. 

7.12 

12.25 

70    "     65 

24     "    47%  300  " 

Distilled  from  water. 

12.40 

12.40 

87    "     84 

10  min.,   previous 
to  reaching  the 

boiling  point. 

«           it         « 

1.74 

10.45 

87    "     85 

16  hrs.,  47**,  300  cc. 

«           «         It 
Check     ground   with    5 

1.74 

0.00 

88a  "    88b 

4     "    23%  300  "  1 

per  cent  tartaric;  au- 

fo.oo 

5.51 

91a  "    91b 

4     "    23%  300  "  J 

tolyzed     sample     dis- 
tilled from  water. 

\0.00 

7.16 

lyzed  in  water  at  37°C.,  most  of  the  hydrocyanic  acid  was  liber- 
ated in  15  minutes,  and  all  of  it  in  6  hours. 

In  Moore's  investigation  of  cassava*  he  ground  the  tissues  to  a 
pulp,  placed  it  in  a  retort,  and  slowly  distilled  for  2  hours.  Most 
of  the  cyanide  passed  over  in  the  early  stages.  He  says:  "From 
this  fact*and  the  nature  of  the  results  obtained  there  is  no  reason 
to  believe  that  the  figures  given  represent  other  than  the  HCN 
existing  in  the  free  state."    He  got  no  increase  in  cyanide  by  the 

"  Auldy  S.  J.  M.,  Formation  of  prussic  acid  from  linseed  cake  and  other 
feedingstuffs,  /.  Southeast  Agric.  College  Wye,  1911,  no.  20,  289. 


32  Hydrocyanic  Acid 

use  of  sulfuric  acid.  Now,  if  autolysis  in  cassava  proceeds  at 
anything  like  the  rate  it  does  in  sorghum,  there  was  time  in 
Moore's  process  for  considerable  liberation  of  cyanide  before  the 
mass  of  tissue  reached  a  temperature  fatal  to  the  enzymes.  There 
may  be  free  hydrocyanic  acid  in  cassava;  but  it  is  the  writer's 
conviction  that  the  above  process  gives  considerably  more  than 
the  non-glucosidic  hydrocyanic  acid. 

In  the  same  way,  when  Peche*  concluded  that  he  had  free  hy- 
drocyanic acid  when  a  section  of  the  tissue  gave  a  reduction  of 
mercurous  nitrate,  it  is  possible  that  the  act  of  sectioning  brought 
glucoside  and  enzyme  in  contact  for  a  time  sufficient  to  set  free 
enough  hydrocyanic  acid  to  give  a  test.  By  the  time  these  facts 
on  sorghum  were  ascertained,  material  was  not  available  for  mak- 
ing a  more  thorough  study  of  this  rate  of  autolysis.  The  writer 
believes,  however,  that  for  each  plant  species  an  optimimi  time 
for  autol3rsis  can  be  found  during  which  a  maximimi  yield  of  hy- 
drocyanic acid  can  be  obtained.  This  may  not  represent  all  the 
cyanide  present;  it  probably  is  the  difference  between  the  total 
amount  set  free  and  the  amount  retained  by  the  macerated  tis- 
sue. What  may  be  the  nature  of  this  retention  is  not  known;  it 
is  suggested  that,  if  aldehydes  are  responsible,  some  substance 
may  be  found  which,  added  to  the  macerated  tissue,  will  com- 
bine with  the  aldehydes  and  prevent  their  action  on  the  cyanide. 
De  Jong,^*  in  working  with  the  decomposition  of  gynocardin  in 
the  leaves  of  Pangium  ediUe,  found  that  a  diketone  and  HCN  were 
produced,  which  combined  in  part,  thus  holding  back  some  of 
the  prussic  acid  from  distillation. 

It  is  also  evident  from  Table  II  that  grinding  with  tartaric  acid 
completely  inhibits  enzyme  action,  as  in  two  cases,  Nos.  88a  and 
91a,  no  cyanide  was  obtained  in  this  way,  whereas  by  normal 
hydrolysis  from  5  to  7  mg.  were  obtained.  In  No.  87,  where 
cyanide  was  obtained  even  with  the  acid  treatment,  this  cyanide 
no  doubt  existed  in  some  non-glucosidic  form.  This  will  be  dis- 
cussed imder  another  heading. 

^"  De  Jong,  A.  W.  K.,  La  decomposition  de  la  gynocardine  par  I'enzyme 
des  feuilles  de  pangium  edulc,  Rec.  trav,  chim,  Pays-Bos,  1911,  xxx,  220. 
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Effect  of  Vacuum  DiatiUation  on  the  Yield  of  Cyanide, 

In  order  to  ascertain  whether  ^tillation  under  reduced  pres- 
sure, and  hence  lower  temperature;  would  decrease  the  retention 
of  cyanide,  the  experiments  in  Table  III  were  carried  out.  After 
removing  the  cyanide  under  reduced  pressure,  redistillation  was 
found  to  be  necessary  because  foaming  had  discolored  the  dis- 
tillate. It  is  unlikely  that  this  redistillation  had  any  effect  on 
the  cyanide.  In  two  of  the  cases  a  slight  increase  in  hydrocyanic 
acid  in  favor  of  vacmmi  distillation  is  seen,  but  it  is  inappreciable. 

TABLE  in. 

The  Effect  of  Distilling  Macerated  Sample   i}  Hrs.  at  60-66'',  16  Mm,  Pres- 
sure, Then  Redistilling  at  Ordinary  Pressure. 


■KT__ 

Deflcription  of  samples. 

HON  obtained. 

No6. 

By  ordinary 
distillation. 

B^  vacuum 
distillation. 

72a  and  72b 
76a    "     76b 
82      "     83 

Ground  with  5  per  cent  tartaric. 

u            a       e      «        u              « 
u            a       e      «        «               « 

and  1.0  mg.  HON  (as  KCN) 
added. 

mg. 

0.40 
0.00 
0.60 

mg. 

0.40 
0.20 
0.80 

Form  of  the  Occurrence  of  Hydrocyanic  Acid  in  Sorghum. 

In  the  discussion  of  the  data  in  Table  II,  it  was  pointed  out 
that  grinding  in  the  presence  of  tartaric  acid  completely  pre- 
vented enzyme  action  on  glucoside.  Nevertheless,  cyanide  was 
obtained  in  this  way  in  some  cases.  Assuming  that  the  acid  can- 
not appreciably  affect  dhurrin,  this  cyanide  must  have  existed  in 
the  plant  in  some  non-glucosidic  form.  The  only  reference  the 
writer  could  find  on  the  nature  of  the  hydrocyanic  acid  compounds 
of  sorghimi  was  one  by  Dimstan  and  Henry ,^^  who,  in  discussing 
their  newly  found  sorghum  glucoside  dhurrin,  said  that  the  hydro- 
cyanic acid  apparently  does  not  occur  in  the  free  state,  but  only 
as  the  glucoside.  They  did  not  state  their  reasons  for  this  con- 
clusion.    In  Table  IV  is  brought  together  the  evidence  which 

"  DiinstaDi  W.  R.,  and  Henry,  T.  A.,  Cyanogenesis  in  plants.  11.  The 
great  millet,  Sorghum  vulgare,  Chem.  News,  1902,  Ixxxv,  301. 

THS  JOURNAL  OP  BIOLOGICAL  CHBUI8TRT,  VOL.  XXtX,   NO.   1 
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points  towards  the  existence  in  Sorghum  vxdgare  of  non-glucosidic 
hydrocyanic  acid.  It  all  hinges  upon  two  assumptions:  first,  that 
the  method  of  grinding  with  5  per  cent  tartaric  acid  prevents  any 


TABLE  Vf. 


The  Occurrence  of  Glucosidic  and  Non-Glucosidic  Hydrocyanic  Acid  in 

Sorghum, 


Noe. 

HCN  per  100  gm.  of  dry  wnight  of  iMves. 

60,  61,  62 

I.  Leaves  ground, 

11.  Leaves  ground 

m.  Autolyzed  24 

then      distilled 

and       distilled 

hrs.  at  45**,  then 

from  5  per  cent 

from  water,  al- 

distilled      from 

tartaric,  allow- 

lowing about  8 

tartaric. 

ing  about  5  min. 

min.  autolysis. 

autolysis. 

7.12  mg. 

7.12  mg. 

12.25  mg. 

69,  70,  65 

I.      Ground  with 

II.    Ground    and 

III..  Autolyzed  24 

tartaric,  all  en- 

distilled      from 

hrs.  at  45*. 

zyme        action 

water,  about  8 

prohibited. 

min.  autolysis. 

5.13  mg. 

12.40  mg. 

12.40  mg. 

76a,  87,  84 

I.      Ground  with 

II.   Same  sample 

III.  Same  sample 

tartaric,  all  en- 

as        I,        but 

as    II ,    ground 

zjmae        action 

frosted,  ground 

and        distilled 

prohibited. 

with      tartaric, 

from    water, 

all  enz3m[ie  ac- 

about 8  min.  au- 

tion prohibited. 

tolysis. 

0.00  mg. 

1.74  mg. 

10.45  mg. 

89al  and  82a2 

I.      Ground  with 

II.     Ground  and 

tartaric,  all  en- 

autolyzed 4  hrs. 

zyme        action 

at23^ 

prohibited. 

0.00  mg. 

4.50  mg. 

OOal  and  90a2 

I.      Ground  with 

II.     Ground  and 

tartaric,  all  en- 

autolyzed 4  hrs. 

zyme        action 

at23^ 

prohibited. 

4.50  mg. 

11.25  mg. 

enzyme  decomposition  of  glucoside;  and  second,  that  the  acid 
itself  does  not  accomplish  any  hydrolysis  even  during  boiling. 
The  first  is  based  upon  the  fact  that  a  given  sample  of  sorghum 
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leaves  will  yield  cyanide  after  autolysis,  but  will  not  yield  any  if 
ground  in  presence  of  tartaric  acid;  and  that  still  other  samples 
give  some  cyanide  when  groimd  with  the  acid,  but  will  give  more 
if  not  ground  with  it.  The  second  assumption  is  based  on  the 
following  facts:  (1)  Amygdalin  cannot  be  hydrolyzed  with  5  per 
cent  tartaric  acid  (see  Table  I)  and  amygdalin  and  dhiurin  are 
very  similar  in  their  composition  and  properties.  (2)  Samples  of 
leaves  which  yield  hydrocyanic  acid  by  autolysis,  yield  none  on 
boiling  with  tartaric  acid.  Therefore  it  is  believed  that  sorghimi 
does  not  contain  all  of  its  hydrocyanic  acid  in  the  form  of  dhmrin; 
that  at  times  part  or  all  of  it  may  exist  in  some  more  imstable 
compound  which  can  be  decomposed  by  boiling  5  per  cent  tar- 
taric acid.  Whether  the  prussic  acid  actually  exists  free  in  cer- 
tain of  the  cells,  as  found  by  Treub  in  Pangium  edvle,  or  even  as 
the  salt  of  metals,  the  data  at  present  do  not  show.  Peche^  sug- 
gests that  in  Prunus  laurocerasus  it  may  be  linked  with  a  ketone. 
Treub,^  in  demonstrating  the  presence  of  free  hydrocyanic  acid  in 
Pangixim  edvle,  treated  the  leaves  with  boiling  alcohol  to  prevent 
enzyme  action.  De  Jong^*  modified  this  by  using  large  volumes 
of  absolute  alcohol  at  —  lO^C. 

This  discovery  may  explain  the  apparent  discrepancy  between 
AuldV-^'  results  from  the  study  of  the  possibility  of  cyanide 
poisoning  in  stock,  and  what  actually  happens  in  practice.  He 
concluded,  after  a  study  of  the  conditions  favorable  for  the  lib- 
eration of  cyanide  in  feedingstuffs  by  enzymes,  that  such  hydrol- 
ysis is  unlikely  except  under  unusual  circumstances,  since  it  is 
prevented  by  the  reaction  of  the  alimentary  pouches,  and  by  the 
presence  of  lai^e  amounts  of  fiber,  salt,  glucose,  etc.  Cyanide 
poisoning,  however,  is  very  common  in  districts  growing  sorghimi, 
and  it  is  probable  that  it  is  caused  in  large  part  by  the  non-glu- 
cosidic  hydrocyanic  acid. 

The  demonstration  of  the  inefficiency  of  tartaric  acid  as  a  hy- 
drolyzing  agent  for  dhurrin,  of  the  rapidity  of  autolysis  on  grind- 
ing the  tissues,  and  of  the  existence  of  non-glucosidic  hydrocyanic 
acid  in  sorghum,  necessitates  a  revision  of  the  conclusions  arrived 

^*  De  Jong,  L'acide  cyanhydrique  des  feuilles  du  Pangium  edule,  Ann, 
Jardin  BoL  Buiienzorgt  1908,  xxii,  1. 

"Auld,  Cyanogenesis  under  digestive  conditions.  /.  Agric.  Sc.^  1913, 
▼,409. 
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at  by  Willaman  and  West"  in  regard  to  the  effect  of  climatic  fac- 
tors on  the  prussic  acid  content  of  sorghum.  The  method  em- 
ployed there  throughout  the  season  was  to  grind  the  tissues,  and 
then  put  them  into  6  per  cent  tartaric  acid.  From  the  evidence 
given  above,  this  allowed  from  4  to  7  minutes  for  autolysis;  a 
time  sufficient  for  considerable,  if  not  for  complete,  hydrolyBis. 
If  it  was  complete,  or  if  the  degree  of  hydrolysis  was  the  same  in 
aU  cases,  the  comparative  value  of  the  data  would  still  obtain. 
If  there  was  considerable  variation  in  the  relative  amount  of  the 
total  cyanide  in  the  non-glucosidic  condition,  there  would  also  be 
a  corresponding  variation  in  the  amount  of  hydrolysis  of  the  glu- 
coside,  and  the  data  would  carry  but  little  significance.  Which 
of  these  two  cases  is  correct  remains  for  future  work  to  determine. 
It  would  be  of  interest  to  study  the  form  of  occurrence  of  the 
prussic  acid  in  the  hosts  of  cyanogenetic  plants  known  to  science. 
No  doubt  more  exact  information  would  be  obtained  as  to  the 
nature  of  this  non-glucosidic  union  of  cyanide,  as  well  as  to  the 
variation  in  the  proportion  of  glucosidic  to  non-glucosidic  cyanide 
present  under  various  conditions. 

SUMMARY. 

1.  The  methods  in  use  for  the  determination  of  the  hydrocyanic 
acid  content  of  plant  tissues  are  of  questionable  accuracy,  because 
of  the  difficulty  in  getting  complete  hydrolysis  of  the  glucosides 
by  means  of  acids,  and  because  of  the  retention  of  the  cyanide 
from  distillation  by  the  tissues  involved. 

2.  Hydrolysis  of  the  dhurrin  in  sorghum  is  best  accomplished 
by  means  of  the  glucosidase  found  in  the  same  tissues  (autolysis). 
It  takes  place  very  rapidly  at  45°C. 

3.  Retention  of  hydrocyanic  acid  by  the  tissues  during  distilla- 
tion cannot  be  prevented  by  the  presence  of  tartaric  acid,  nor 
can  it  appreciably  be  lessened  by  distilling  under  reduced  pressure. 

4.  Sorghum  viUgare  contains  hydrocyanic  acid  in  two  forms;  a 
glucosidic,  as  dhurrin,  and  a  non-glucosidic,  the  nature  of  which 
is  as  yet  unknown.  It  is  the  latter  portion  of  the  cyanide  of  this 
plant  which  is  probably  responsible  for  the  poisoning  of  stock. 

5.  The  non-glucosidic  cyanide  can  be  distinguished  from  the 
glucosidic  by  grinding  the  leaves  in  the  presence  of  5  per  cent 
tartaric  acid  to  prevent  any  enzyme  action,  and  then  distilling. 
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INTRODUCTION. 

Some  interesting  phenomena  have  been  observed  arising  from 
the  efifect  of  anesthesia  on  living  plants.  The  forced  premature 
flowering  of  certain  plants  by  means  of  ether  is  a  commercial 
practice/  especially  applicable  to  plants  in  a  dormant  condition, 
as  bulbs  and  twigs  in  the  late  winter.  It  is  believed,  in  general, 
that  the  entrance  of  the  anesthetic  increases  the  permeability  of 
the  tissues,  with  a  consequent  more  rapid  absorption  of  water. 
Some  anesthesia  phenomena  are  thus  explained  by  the  bring- 
ing together  of  substrates  and  enzymes. 

The  most  carefully  worked  out  explanation  of  the  effect  of 
anesthetics  is  contained  in  the  work  of  the  Armstrongs.^* '  The 
material  for  their  study  was  the  leaves  of  the  cherry  laurel,  Pru- 
nu8  laurocerasris,  containing  the  cyanogenetic  glucoside  prulau- 
rasin.  As  an  index  of  the  effect  of  anesthetics  they  used  Mi- 
randeV  test  for  the  liberation  of  hydrocyanic  acid  from  plant 
tissue.    The  test  consists  in  immersing  about  two-thirds  of  the 

» Duggar,  B.  M.,  Plant  Physiology,  New  York,  1911,  335. 

*  Armstrong,  H.  E.,  and  Armstrong,  E.  F.,  The  origin  of  osmotic  effects. 
III.  The  function  of  hormones  in  stimulating  enz3rmic  change  in  relation 
to  narcosis  and  the  phenomena  of  degenerative  and  regenerative  change  in 
living  structures,  Proc.  Roy,  Soc,,  Series  B,  1909-10,  Ixxxii,  588. 

'Armstrong  and  Armstrong,  The  function  of  hormones  in  regulating 
metabolism,  Ann,  Bot,,  1911,  xxv,  507. 

*Mirande,  M.,  Influence  exerc^  par  certaines  vapeurs  sur  la  cyano- 
gen^ v^^tale.  Proc6d6  rapide  pour  la  recherche  des  plantes  k  acide 
cyanhydrique,  Compt.  rend.  Acad.,  1909,  cxlix,  140. 
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tissue,  as  a  leaf,  for  example,  in  water  containing  the  anes- 
thetic. The  latter  enters  the  leaf  and  brings  about  the  hy- 
drolysis of  the  contained  cyanogenetic  glucoside  and  thus  the 
Uberation  of  hydrocyanic  acid,  which  is  transpired  from  the 
unimmersed  portions  of  the  leaf  and  produces  a  color  change  in 
moist  sodium  picrate  paper  suspended  in  the  tube  over  the 
leaf.  The  time  required  for  the  appearance  of  the  color  change 
is  a  rough  index  of  the  intensity  and  rapidity  of  the  action 
of  the  anesthetic.  The  Armstrongs  employed  a  large  number  of 
substances  in  their  attempt  to  explain  the  mechanism  of  the  reac- 
tion. They  found  that  the  substances  with  the  least  attraction 
for  water,  or  the  anhydrophyllic,  exerted  the  most  marked  ef- 
fect, while  the  hydrophyllic  had  the  least.  Thus  chloroform,  car- 
bon bisulfide,  ether,  and  anmionia  were  strongly  active;  benzene, 
naphthalene,  and  thymol  were  moderately  active;  while  most 
inorganic  salts  and  weak  acids  were  inactive. 

From  these  results  they  concluded  that  anesthetizing  sub- 
stances possess  their  action  by  virtue  of  their  lack  of  attrac- 
tion for  water;  that  their  molecules  can  pass  through  the  dif- 
ferential septa. of  plants  without  becoming  involved  in  the  aque- 
ous structure  thereof;  that  ''such  interposition,  however,  at  once 
alters  the  osmotic  state  by  promoting  dissociative    chemical 

change  in  the  water  in  the  direction  (H20)x^^xH20, 

and  the  equilibrium  is  disturbed,  so  that  an  influx  of  water 
from  other  regions  sets  in." 

The  reaction  in  plants  brought  about  by  anesthetics,  then,  is 
one  of  hydrolysis.  It  is  not  necessarily  the  hydrolysis  of  glu- 
cosides,  however,  for  the  disturbance  in  the  tissues  may  bring 
together  any  substrate  and  its  enzyme. 

One  other  study  similar  to  that  of  the  Armstrongs  should  be 
mentioned.  That  is  the  work  of  Clark*  on  wild  indigo.  Anes- 
thetics in  this  case  cause  the  hydrolysis  of  a  glucoside  into  an 
aromatic  compound,  which  then  is  oxidized  by  an  oxidase  to  a 
black  pigment,  causing  the  whole  leaf  to  turn  black.  He  found 
acetone  and  then  the  lower  esters  to  be  the  most  active  in  bring- 
ing about  this  effect. 

*  Clark,  E.  D.,  Note  on  the  blackening  of  the  leaves  of  the  wild  indigo 
(Baptisia  tincloria)  and  the  isolation  of  a  new  phenol,  baptisol,  J.  Biol. 
Chem.,  1915,  xxi,  &45. 
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In  the  investigations  on  cyanogenesis  in  the  common  sor- 
ghum made  by  the  writer*  in  1915,  chloroform  and  alcoholic 
sodium  hydroxide  were  used  as  a  preservative  in  shipping  the 
plants  in  cans  from  various  field  plots  to  the  laboratory  for 
analysis.  As  a  control  measure,  samples  from  the  home  plots 
were  analyzed  before  and  after  preservation,  at  all  stages  of 
growth,  to  detect  any  unwonted  efifect  of  the  preservation  in  the 
hydrocyanic  acid  content.  As  shown  in  Table  I  in  the  report  of 
those  experiments,  no  effect  was  noticed  through  those  stages  of 
growth  that  were  involved  in  the  experiments.  As  the  plants 
become  older,  however,  it  became  increasingly  evident  that  more 
cyanide  was  obtainable  after  several  days'  preservation  in  chloro- 
form than  before.  A  nimiber  of  experiments  were  tried,  vary- 
ing different  factors,  and  involving  plants  of  different  ages. 
The  plant  parts  were  cut  into  1  inch  lengths,  and  100  gm.  were 
placed  in  a  500  cc.  tin  can  with  a  closely  fitting  cover.  The  pre- 
servative was  added  and  the  material  allowed  to  stand  at  room 
temperature  the  specified  length  of  time.  The  method  of  analy- 
sis was  to  grind  the  tissue  in  a  food  chopper,  add  immediately  to 
5  per  cent  tartaric  acid,  and  distill  slowly  into  a  little  sodiimi  hy- 
djrette  solution  imtil  a  volume  of  100  cc.  was  obtained.  The  hy- 
drocyanic acid  was  estimated  colorimetrically  by  the  method  of 
Viehoever  and  Johns.^  As  was  discussed  in  a  previous  paper,* 
this  tartaric  acid  distillation  does  not  liberate  all  the  hydrocyanic 
acid  in  the  tissues;  but  since  all  the  samples  in  these  experi- 
ments received  almost  identical  treatment,  the  results  are  com- 
parable one  with  the  other. 

Some  of  the  data  obtained  concerning  the  effect  of  the  anes- 
thetics are  reproduced  in  Table  I.  Chloroform,  alcohol,  and 
ether,  when  acting  on  the  older  plants,  apparently  cause  an  in- 
creased yield  of  prussic  acid;  this  effect  is  very  marked  in  some 
cases.    The  presence  of  sodiimi  hydrate  in  the  alcohol  decreases 

*  Willaman,  J.  J.,  and  West,  R.  M.,  Effect  of  climatic  factors  on  the 
hydrocyanic  acid  content  of  sorghum,  /.  Agric,  Researchj  1916,  vi,  261. 

^  Viehoever,  A.,  and  Johns,  C.  O.,  On  the  determination  of  small  quan- 
tities of  hydrocyanic  acid,  /.  Am.  Chem.  Soc.f  1915,  xxxvii,  601. 

•  Willaman,  J.  J.,  The  estimation  of  hydrocyanic  acid  and  the  prob- 
able form  in  which  it  occurs  in  Sorghum  vidgare,  J,  Biol.  Chem.,  1917,  xxix, 
25. 


40 


Cyanogenetic  Compounds  of  Sorghum 


TABLE  L 

The   Effect  of  Varioiis  Anesthetic  Preservatives  on  the  Hydrocyanic  Acid 

Content  of  Sorghum. 


No. 

Method  of  preeervation. 

Portion  of 
plant  used. 

eight  of 
plant. 

HCNofdry 
matter. 

Without 

With 

ft. 

preser- 
vation. 

preeer- 
vatioa. 

per 
cent 

otnt 

P16 

20  cc.  alcoholic  NaOH  +  4  cc.  CHCU,  4  days. 

Whole 

2.4 

0.019 

0.020 

plant. 

P18 

20   "          "             "          4  " 

u         ^     u 

Whole 
plant. 

2.4 

0.026 

0.029 

P27 

20   "          "             "          4  " 

u          g      « 

Whole 
plant.  ^ 

3.3 

0.009 

0.009 

P29 

20   "          "             "          4  " 

«       8    " 

Whole 
plant. 

3.3 

0.016 

0.019 

P32 

30  "          "             "          4  " 

"       3    " 

Leaves. 

4.5 

0.004 

0.014 

P34 

30  "         "             "          4  " 

u        3     u 

« 

4.5 

0.007 

0.031 

P36a 

30  "         "             "          4  " 

a         3     « 

« 

5.7 

0.004 

0.020 

P35b 

30  "         "             "          4  " 

"       6    " 

« 

5.7 

0.004 

0.030 

P21 

20  "   alcohol,  4  days 

(C 

6.5 

0.001 

0.022 

P22 

20  "          "       -f-  2  cc.  CHCU, 

4  days 

(( 

6.5 

0.001 

0.017 

P23 

20  "          "       -f-  2  "  ether, 

4     "    

« 

6.5 

0.001 

0.017 

P24 

20  "  2  per  cent  alcoholic  NaOH 

(C 

6.5 

0.001 

0.009 

P38 

No  Dreservative.  2.5  davs 

« 

6.8 

Trace 

Trace 

P39 

30  cc.  alcohol.  2.6  days 

« 

6.8 

it 

0  012 

P43 

30  "          "        -f-  2cc.  CHCU,  ihr 

« 

6.8 

It 

0.001 

P44 

30  "          "             2  " 

2.5  days... 

« 

6.8 

u 

0.004 

P46 

20  cc.  alcoholic  NaOH  +  2  cc. 

CHCU,  i  hr. 

l( 

6.8 

0.003 

0.010 

P47 

20  "           "             "           2  " 

"       i  « 

« 

6.8 

0.003 

0.010 

the  effect  somewhat,  probably  because  of  the  hardening  of  the 
epidermis  and  the  consequent  lesser  penetration  of  the  alcohol. 

Three  possible  explanations  of  this  phenomenon  are  suggested: 
(1)  the  disturbed  osmotic  relations  in  the  tissues  bring  about 
increased  hydrolysis  of  the  cyanogenetic  glucoside  dhurrin;  (2) 
the  presence  of  the  anesthetics  stimulates  not  only  the  hydrolytic 
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activities  of  the  enzymes,  but  their  synthetic  activities  as  well, 
resulting  in  this  case  in  an  actual  production  of  more  dhurrin  and 
more  hydrocyanic  acid;  (3)  a  combination  of  both  (2)  and  (1). 

EXPERIMENTAL. 

In  order  to  obtain  some  further  information  on  this  subject,  it 
was  decided  to  carry  on  a  few  more  experiments  on  the  1916 
crop  of  sorghum.  The  plan  was  to  subject  a  quantity  of 
leaves  to  the  action  of  chloroform  vapor  and  then  to  extract  and 
isolate  the  dhurrin  itself,  if  possible,  comparing  the  jdeld  with 
that  from  the  same  quantity  of  imtreated  leaves.  The  method 
followed  was  that  of  Dunstan  and  Henry.'  The  leaves  were 
dried  in  a  current  of  air  at  about  45®C.,  ground  to  a  fine  pow- 
der, extracted  twice  with  95  per  cent  alcohol  at  the  rate  of  400 
CO.  of  alcohol  for  each  100  gm.  of  leaf  powder,  the  alcohol  was 
evaporated,  the  residue  taken  up  with  water,  freed  from  tannates 
by  lead  acetate,  made  into  a  paste  with  animal  charcoal,  dried, 
extracted  in  a  Soxhlet  for  72  hours  with  anhydrous  ethyl  acetate, 
and  the  extract  slowly  evaporated  to  crystaUize  out  the  dhurrin. 
The  attempt  to  obtain  crystalline  dhurrin,  however,  resulted  in 
a  failure.  In  the  first  extraction  dhurrin  was  present,  but  it  was 
accompanied  by  too  much  coloring  matter  to  be  recovered  in 
crystalline  form.  When  it  was  decolorized  by  a  second  treat- 
ment with  charcoal,  crystals  again  failed  to  form.  At  each  step 
of  the  process,  however,  an  analysis  was  made  for  hydrocyanic 
acid,  thus  enabling  one  to  follow  the  comparative  cyanide  con- 
tent without  obtaining  the  glucoside  itself.  In  some  cases  the 
hydrocyanic  acid  was  obtained  by  autolysis;  in  others  by  hydrol- 
ysis with  emulsin. 

The  results  of  the  experiments  are  given  in  Table  II.  It  will 
be  seen  that  in  every  case  there  is  more  hydrocyanic  acid  in  the 
chloroformed  than  in  the  normal  leaves,  as  shown  by  the  analy- 
ses at  each  stage  of  the  process.  The  analysis  at  each  stage,  how- 
ever, has  a  different  significance.  In  the  first  pair  of  samples,  the 
first  column  in  the  table  shows  the  prussic  acid  obtained  by  about 

•  Dunstan,  W.  R.,  and  Henry,  T.  A.,  Cyanogenesis  in  plants.  II.  The 
great  millet,  Sorghum  vulgar Cy  Phil.  Tr.  Roy,  Soc,  Series  A,  1902,  cxcix, 
399. 
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TABT.E  II. 
Tfie  Effect  of  Chloroform  Vapors  on  the  Cyanogenetic  Compounds  of  Sorghum. 

• 

Treatment. 

HCN  per  100  gm.  of  dry  weight  of  leaves. 

No. 

I.  Original 

leaves 
ground,  dis- 
tilled from 
tartaric 
acid. 

II.  Leaves 
after  treat- 
ment, 
ground  and 
autoljrsed 
24hiB. 
at45'. 

III.  Leaves 

after  treat* 

ment,dried. 

grouxkd,  ana 

autols^sed 

24hr8.  at 

i5'with 

emulun. 

IV.  Dried 
and  ground 

leaves  ex- 
tracted with 
alcohol  and 
hydrolyisd 

emulnn. 

52c 
52d 

74 
76 

300  gm.  of  leaves  packed  in 
can  3  days  at  room  tem- 
perature. 

300  gm.  of  leaves  packed  in 
can  3  days  at  room  tem- 
perature    with     9     cc. 
CHCl,. 

600  gm.  of  leaves  same  as 
52c. 

600  gm.  of  leaves  same  as 
52d,  but  18  cc.  CHCl*. 

mg. 

0.60 
0.60 

0.40 
0.40 

mg. 

0.00 
0.00 

mg. 

1.60 
2.80 

mg. 
1.15 

1.40 

.      2.80 
3.60 

89 
90 


1,800  gm.  of  leaves  packed 

in  can  4  days. 
1,800  gm.  of  leaves  packed 

in  can  4  days  with  53  cc. 

CHCl,. 


I.  Original 
leaves 
ground 

andauto- 

lysed  4  hrs. 

at  23*. 


5.51 
5.51 


II.  Leaves 
after  treat- 
ment 
ground  and 
autolsraed 
4  hrs.  at 
45*. 


4.50 
11.25 


III.  Leaves 
after  treat- 
ment dried, 
ground,  ex- 
tracted with 
alcohol,  and 
hydrolyied 
with  emul- 
8inat47*for 
3  hrs. 


0.26 
2.00 


8  minutes'  autolysis  previous  to  the  addition  of  the  tartaric  acid, 
and  includes,  probably,  all  the  non-glucosidic  cyanide  and  part  of 
the  glucosidic,  except  that  retained  from  distillation  by  the 
chemical  action  of  the  tissues.^ *^  The  cyanide  represented  in  the 
fourth  column  can  have  arisen  only  from  dhurrin,  since  the  dry- 
ing of  the  leaves  and  the  evaporation  of  the  alcohol  would  have  en- 
tirely removed  any  volatile  cyanide  before  the  hydrolysis  by  emul- 


*'  See  previous  paper'  for  a  discussion  of  this. 
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sin  was  performed.  The  difference  in  the  yield  of  hydrocyanic 
acid  here  is  a  difference. brought  about  by  the  increased  produc- 
Hon  of  dhurrin  in  the  leaves  under  (he  influence  of  the  anesthetic. 
The  same  can  be  said  of  the  next  pair  of  samples,  Nos.  74  and 
75.  The  third  column  shows  an  increased  amoimt  of  dhurrin 
present  in  the  leaves,  as  obtained  by  autolysis  of  the  dried  and 
powdered  lea,ves;  the  fourth  coliunn  shows  an  increased  amoimt 
of  dhurrin  as  obtained  by  extraction  with  alcohol.  In  the  sec- 
ond column  the  prolonged  autolysis  caused  the  retention  of  all 
of  the  cyanide.  In  Nos.  89  and  90,  the  cyanide  liberated  by  4 
hours'  autolysis  (second  column)  was  doubled  in  the  chloroformed 
plants.  The  glucosidic  cyanide,  extractable  by  alcohol  (third 
column),  decreased  markedly  in  both,  but  much  less  in  the  treated 
than  in  the  normal  leaves.  This  shows  increased  hydrolysis  of 
the  glucoside  under  the  influence  of  the  anesthetic^  and  at  the  same 
time  an  augmented  synthesis  of  hydrocyanic  add. 

Evidently,  then,  the  third  proposition  enumerated  above  holds 
true  here.  That  is,  when  sorghum  leaves  undergo  anesthesia  by 
chloroform,  both  the  synthetic  and  the  hydrolytic  activities  of 
glucoside  enz3maes  are  increased.  This  in  effect  amoimts  to  a 
case  of  demonstrated  enzyme  synthesis  in  vivo.  It  does  not  prove 
that  the  same  enzyme  is  responsible  for  both  the  hydrolytic  and 
the  synthetic  action  towards  dhurrin;  in  fact  it  rather  proves  the 
reverse,  and  substantiates  Armstrong's  hypothesis"  that  differ- 
ent enzymes  are  involved  in  the  building  up  and  the  breaking 
down  of  a  given  substance.  Since  it  is  fair  to  assume  that  the 
chloroform  affects  primarily  the  enzymic  activities  of  the  tissues, 
then  any  increased  production  of  glucoside  must  be  due  to  syn- 
thetic enzyme  activity. 

In  order  to  demonstrate,  if  possible,  that  an  enzyme  preparation 
from  chloroformed  leaves  would  reveal  increased  hydrolytic  activi- 
ty, enzyme  powders  were  prepared  from  the  residues  of  Nos.  89  and 
90  (Table  II)  after  extraction  of  the  material  with  alcohol.  The 
residues,  freed  from  alcohol,  were  extracted  with  2,000  cc.  of  water 
for  2  hours,  filtered,  800  cc.  of  the  filtrate  were  concentrated  to  80 
cc.  at  SO^'C.  under  reduced  pressure,  poured  into  600  cc.  of  95 

"  Armstrong,  E.  F.,  Studies  on  enzjrme  action.  111.  The  influence  of 
the  products  of  change  on  the  rate  of  change  conditioned  by  sucroclastic 
enzymes,  Proc,  Roy.  Soc,  1904,  Ixxiii,  516. 
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per  cent  alcohol,  filtered  immediately,  and  the  precipitate  dried. 
About  12  gm.  of  powder  were  obtained  from  each  lot  of  material. 
The  activities  of  the  powders  towards  amygdalin  were  then  de- 
termined by  allowing  5  gm.  of  each  to  act  on  0.3  gm.  of  amygda- 
lin in  200  cc.  of  water  at  47*^0.  f6r  2  hom^.  No.  89,  from  leaves 
not  chloroformed,  Uberated  0.20  mg.  of  HCN;  No.  90,  from  chloro- 
formed leaves,  liberated  5.00  mg.  of  HCN.  Thus  the  chloro- 
formed leaves  yielded  an  enzyme  powder  about  twenty-five  times 
as  active  towards  amygdalin  as  the  powder  from  the  same  quan- 
tity of  imtreated  leaves. 


The  Effect 

TART.E  in. 
of  Frost  on  the  Cyanogenetic  Compounds  of  Sorghum. 

HCN  pw  100  gm.  of  dry  matter- 

Nob. 

Before  frostiDg. 

After  frofltinc. 

Non-gIuc(Midic 
HCN* 

Glucosidic 
HCN.t 

Non-gluoosidio 
HCN. 

Glucoeidic 
HCN. 

76a  and  87 
88      "    91 

mg. 

0.00 
0.00 

mg. 
5.51 

mg. 
1.74 
0.00 

mg. 

7.16 

*  Determined  by  grinding  leaves  with  5  per  cent  tartaric  acid,  thus  pre- 
venting any  enzyme  action. 

t  Determined  by  grinding,  then  autolyzing  4  hrs.  at  23®. 


Sorghmn  has  the  reputation  of  being  especially  poisonous  after 
it  has  been  frosted.  The  question  arose  as  to  whether  this  in- 
creased toxicity  was  not  due  to  a  set  of  circumstances  similar  to 
those  associated  with  anesthesia.  To  prove  the  point,  a  sample 
of  frosted  sorghum  leaves  (No.  87,  Table  III)  was  obtained  on 
September  18,  and  analyzed  for  non-glucosidic  hydrocyanic  acid. 
Leaves  from  these  same  plants  (No.  76a)  on  September  13,  before 
being  frosted,  had  already  been  analyzed.  The  results  are  given 
in  Table  III.  In  this  case  the  frosting  of  the  leaves  had  caused 
profound  hydrolytic  changes.  Next,  a  sample  of  unfrosted  leaves 
was  obtained,  and  exposed  in  a  refrigerating  plant  for  \\  hours 
to  a  temperature  of  --7**C.  After  removal  from  here  they  were 
allowed  to  stand  at  20**C.  for  20  hours,  and  then  analyzed,  with 
the  results  shown  in  the  table  (Nos.  88  and  91).  In  this  case  no 
non-glucosidic  hydrocyanic  acid  was  obtained  either  before  or  af- 
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ter  frosting,  showing  that  no  hydrolytic  activity  had  been  in- 
stigated by  the  low  temperature.  There  was,  however,  a  con- 
siderable increase  in  glucoside  content,  as  obtained  by  4  hour 
autolyBis.  Thus  the  low  temperature  had  caused  the  production 
wUhin  the  tissues  of  more  cyanogenetic  glu^coside  than  existed  be- 
fore the  frosting. 

Although  furnishing  but  meager  evidence,  these  two  examples 
seem  to  show  that  the  effects  of  anesthetics  and  of  frost  are  very 
similar.  The  rupturing  of  cells  by  the  frost  is  no  doubt  the  pri- 
mary cause  for  changed  osmotic  conditions  and  increased  permea- 
bility, although,  as  in  the  case  of  other  plants,  lower  temperatures 
may  allow  certain  enzymes  to  gain  the  ascendency  over  those 
normally  in  control  at  other  temperatures. 

SUMMARY. 

1.  Sorghum  leaves  exposed  to  the  vapors  of  chloroform,  ether, 
and  alcohol,  yield  more  hydrocyanic  acid,  both  glucosidic  and  non- 
glucosidic,  than  the  normal  leaves. 

2.  The  anesthetics  thus  stimulate  both  the  hydrolytic  and  the 
synthetic  action  of  the  glucoside  enzymes. 

3.  This  is  submitted  as  a  case  of  demonstrated  enzyme  synthe- 
sis in  vivo. 

4.  Enzyme  powder  prepared  from  chloroformed  leaves  was 
about  twenty-five  times  as  active  towards  amygdalin  as  the  pow- 
der from  untreated  leaves. 

5.  Frosting  also  causes  an  increased  yield  of  both  glucosidic 
and  non^ucosidic  hydrocyanic  acid.  This  is  partly  due  to  a 
rupturing  of  the  cells,  and  partly  to  disturbed  enzyme  equilibrium. 
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Considerable  discussion  ha^  arisen  in  various  laboratories,  since 
the  publication,  by  Gettler  and  Baker,^  of  the  micro  analj^is  of 
normal  blood,  as  to  what  should  be  considered  the  true  normal 
value  for  creatinine.  Shall  it  be  0.1  to  0.5  mg.  in  100  cc.  of  blood, 
as  given  by  the  above  authors,  or  shall  the  values  of  Folin  and 
Denis,*  which  are  many  times  higher,  be  adhered  to? 

McCrudden  and  Sargent^  have  since  published  the  statement: 
"  In  the  light  of  these  [McCrudden  and  Sargent's]  experiments,  it  is 
clear  that  all  that  has  been  written  hitherto  concerning  .  .  •  . 
creatinine  and  creatine  in  the  blood  will  have  to  be  rejected  alto- 
gether." They  arrive  at  this  conclusion  as  a  result  of  an  observa- 
tion that  a  color  similar  to  that  obtained  by  creatinine  on  picric 
acid  in  the  presence  of  sodium  hydroxide  is  produced  by  the 
sodium  hydroxide  on  picric  acid  alone.  They  furthermore  give  ex- 
perimental proof  that  five-sixths  of  the  total  color  produced  in  the 
method  is  due  to  the  alkali,  and  only  one-sixth  to  the  creatinine. 

Had  these  authors  read  our  publication  more  closely,  they  prob- 
ably could  have  used  our  creatinine  figures  to  bear  out  part  of 
their  contention,  and  at  the  saine  time  modify  their  statement 
with  an  exception.  In  making  their  sweeping  statement,  however, 
I  must  here  point  out  that  the  creatinine  values  published  by 
Gettler  and  Baker  do  not  warrant  their  severe  criticism.  The 
sources  of  error  which  they  mention,   and  many  others  which 

*  Gettler,  A.  O.,  and  Baker,  W.,  J.  Biol.  Chem.,  1916,  xxv,  211. 

*  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1914,  xvii,  487. 

'  McCrudden,  F.  H.,  and  Sargent,  C.  S.,  J.  Biol.  Chem.,  1916,  xxvi,  527. 
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wiU  be  discussed  in  the  experimental  part,  were  recognized  by  us 
when  we  first  started  to  use  this  method;  they  were  quantitatively 
taken  accoimt  of  in  all  oiu*  work.  That  is  why  I  now  claim,  after 
much  experimental  evidence  in  the  laboratory,  that  the  values  of 
Gettler  and  Baker^  are  the  correct  ones,  in  preference  to  those  of 
Folin  and  Denis.^  It  was  Folin  himself  who  called  attention  to 
the  same  effect  of  sodium  hydroxide  on  picric  acid.  He  even 
states  that  we  can  only  then  read  oiu*  colorimeter  with  correct 
results,  if  the  imknown  color  and  the  standard  color  are  within 
one  and  a  half  times  of  each  other. 

In  trjdng  out  this  method  previous  to  the  determination  of  the 
creatinine  values  in  normal  blood,^  we  foimd  at  that  time  that 
Folin's  suggestion  was  valid,  but  only  for  high  values  of  creatinine 
(2  mg.  in  100  cc.  and  over) ;  when,  however,  it  was  a  matter  of  es- 
timating 0.1  to  0.5  mg.  of  creatinine  in  100  cc.  of  blood,  the  above 
requirement  was  not  sufficient.  It  was  indeed  necessary  to  have 
the  standard  and  the  imknown  of  the  same  depth  of  color,  if  we 
expected  to  get  anywhere  near  the  right  value.  To  accomplish 
this  in  the  simplest  manner,  we  made  up  a  series  of  standard 
creatinine  solutions  in  picric  acid,  ranging  from  0.1  to  2.1  mg. 
in  100  cc,  as  shown  below.  Each  of  these  solutions  we  ran 
in  the  usual  manner,  adding  oxalate  and  glucose  in  amounts  as 
usually  foimd  in  blood  samples,  and  compared  the  colors  in  a 
Duboscq  colorimeter  with  a  m/72  dichromate  solution.  In  this 
way  we  obtained  a  series  of  dichromate  values,  which  were  charted 
as  follows: 


Creatinine  in  100  cc. 

Plaoedat 

11/72  bichromate  reading. 

mg. 

0.1 

30 

9 

0.3 

30 

12 

0.5 

30 

15 

0.7 

30 

18 

0.9 

30 

20 

1.1 

30 

23 

1.3 

30 

25 

1.5 

30 

28 

1.7 

30 

30 

1.9 

30 

34 

2.1 

30 

38 

A.  O.  Gettler 
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If  now  we  compare  an  unknown  (placed  at  30)  with  this  di- 
chromate,  and  we  obtain  a  reading  of  15,  the  color  of  this  reading 
is  absolutely  the  same  as  given  by  0.5  mg.  of  creatinine  in  100  cc. 
It  is  evident  that  the  unknown  has  thus  been  compared,  indi- 
rectly, with  a  creatinine  solution  of  the  same  strength. 

The  normal  values  of  creatinine  in  blood  are  given  as  follows: 

Folin  and  Denis* 1.1-1.4  mg.  in  100  cc. 

Myers  and  Fine* 1 .0-2.0     "     "  100  " 

Gettler  and  Baker* 0.1-0.5     "     "  100  " 

It  will  be  noticed  that  the  values  of  Gettler  and  Baker  are  much 
lower  than  those  of  other  authors;  I  attributed  this  difference  at 
that  time  to  our. use  of  standards  that  were  of  the  same  depth  as 
the  unknown ;  but  I  made  no  quantitative  investigation  to  prove  the 
cause  of  this  difference,  and  therefore  laid  no  special  stress  upon  it. 

McCrudden  and  Sargent  in  their  paper  state  that  only  one- 
sixth  of  the  color,  or  16f  per  cent,  is  due  to  creatinine,  and  five- 
sixths,  or  83§  per  cent,  to  the  alkali.  They  have  determined  this 
on  a  0.5  mg.  in  100  cc.  creatinine  solution.  As  far  as  they  go,  I 
have  in  the  present  investigation,  been  able  to  confirm  their  find- 
ing. But  they  have  not  investigated  this  point  far  enough. 
That  alone  would  be  no  cause  of  error  in  the  determination;  for 
the  comparison  is  made  under  similar  conditions,  with  a  standard 
creatinine  solution  in  picric  acid,  and  with  exactly  the  same 
amount  of  alkaU.  Hence  that  same  amount  of  additional  color, 
due  to  the  alkaU,  is  obtained  in  the  unknown  as  well  as  in  the 
standard,  and  thus  they  cancel  each  other.  The  real  cause  for 
error  McCrudden  and  Sargent  do  not  call  attention  to.  As  will 
be  shown  in  the  experimental  part,  the  lower  the  creatinine  con- 
tent the  larger  the  percentage  of  color  due  to  the  alkali;  on  the 
other  hand,  the  greater  the  concentration  of  creatinine  the  lower 
the  percentage  of  color  due  to  the  alkali.    Thus: 


CoDoentretioD  of  creatinine, 
in  100  cc. 

Color  due  to  creatinine. 

Color  duo  to  alkali 

mg. 

per  cent 

per  cent 

0.1 

20 

80 

0.5 

66 

33 

1.0 

80 

20 

2.0 

85 

.  15 

*  Myers,  V.  C,  and  Fine,  M.  S.,  Post-Graduate,  1915,  xxx,  39. 
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From  this  it  is  plain  that  if  we  compare  a  standard  containing 
1  mg.  in  100  cc.  with  an  unknown  containing  0.1  mg.,  the  20  per 
cent  of  the  color  due  to  alkali  will  cancel  20  per  cent  of  the  80 
per  cent  color  due  to  alkali  in  the  unknown,  and  the  difference, 
or  60  per  cent  of  the  color,  still  due  to  the  alkali,  will  automatically 
add  itself  to  the  20  per  cent  (real  value)  and  give  80  per  cent,  a 
value  four  times  too  high.  On  the  other  hand,  if  we  compare  a 
standard  and  an  unknown  of  the  same  color,  say  the  1  mg.  value 
above,  then  the  20  per  cent  of  alkali  color  in  the  standard  will 
just  cancel  the  20  per  cent  of  color  due  to  alkali  in  the  imknown, 
and  the  value  of  80  per  cent  that  is  obtained  is  correct. 

It  is  furthermore  evident  from  the  above  table  that  the  higher 
the  creatinine  value,  the  less  does  the  percentage  of  color  due  to 
the  alkali  become,  and  hence  the  less  the  effect  of  this  on  the  creat- 
inine value  obtained.  Thus  if  we  compare  a  0.1  mg.  solution 
with  a  1.0  mg.  standard  the  value  obtained  is  three  times  (300 
per  cent)  too  high.  While  if  we  compare  a  2.0  mg.  solution  with 
a  1.0  mg.  standard  the  error  is  only  about  5  per  cent  and  this  is 
not  much  more  than  the  experimental  error  in  reading  the  Du- 
boscq  colorimeter. 

So,  in  general,  for  values  above  2  mg.  in  100  cc.  that  have  been 
published  by  various  other  workers,  the  error  is  not  sufficient  to 
warrant  their  rejection,  as  McCrudden  and  Sargent  suggest.  For 
values  less  than  1  mg.  in  100  cc.  the  error  becomes  appreciable, 
until  at  a  0.1  mg.  concentration  the  values  read  are  four  to  five 
times  too  high. 

EXPERIMENTAL   PART. 

Since  this  article  was  sent  for  publication.  Hunter*  and  also 
Folin®  have  shown  that  picric  acid  in  solution  on  standing,  ex- 
posed to  light,  deteriorates  gradually,  and  there  is  then  obtained 
a  deep  coloration  on  adding  alkali,  which  pure  picric  acid  does 
not  give.  Therefore,  to  assure  those  who  are  interested  in  creati- 
nine determinations,  I  will  state  that  in  this  work  full  account 
of  any  such  deterioration  has  been  taken.  On  treating  10  cc.  of 
purest  recrystaJlized  saturated  picric  acid  solution,  used  through- 


*  Hunter,  A?,  and  Campbell,  W.  R.,  J.  Biol.  Chem.,  191&-17,  xxviii,  335. 
«  Folin,  O.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1916-17,  xxviii,  349. 
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out  this-  work,  with  1  cc.  of  double  normal  NaOH,  as  in  the 
method;  and  placing  the  same  at  30  (Duboscq)  the  m/72  standard 
bichromate  reads  7.5;  using  this  same  picric  acid  solution  after 
standing  in  the  laboratory  from  3  to  4  months  (not  in  direct  sim- 
li^t)  and  treating  in  the  same  way,  it  read  8.0.  I  would  there- 
fore suggest  that,  as  each  stock  solution  of  picric  acid  is  made  up, 
it  be  read  as  above;  if  the  reading  is  between  7.5  and  8.0  it 
can  be  put  in  a  brown  glass  bottle  and  used  directly;  if  it  reads 
more,  purification  must  be  resorted  to. 

Experiment  I.    Effect  of  Potassium  Oxalate  on  Creatinine 

Determinations, 

As  the  actual  creatinine  values  were  not  desired  here,  but  only 
to  show  the  relative  colors,  a  series  of  tubes  containing  increasing 
amounts  of  dichromate  were  set  up,  instead  of  using  the  Duboscq 
colorimeter.  The  first  tube  marked  (0)  was  of  the  same  color  as 
picric  acid  alone.  Each  succeeding  tube  was  made  a  httle  deeper 
in  color  by  a  common  increment  of  0.25  cc.  of  saturated  dichro- 
mate solution.  Thus  the  higher  numbers  represent  deeper  colors, 
the  lower  numbers  represent  less  color. 

With  this  series  of  colors,  those  obtained  from  varying  amounts 
of  creatinine,  with  varying  amounts  of  oxalate  were  compared, 
with  the  results  given  in  the  following  table. 


Seccreai- 

•     • 

Saturated 

picric  acid 

solution. 

2NNa0H 
per  lOcc 

Relative  values  found  in  presence  of  units  of  oxalate. 

mine 
BoIutioQ 
oontainiDg 
per  100  00. 

No 
oxalate. 

Saturated  oxalate. 

0.1  cc. 

0.5  oc. 

1  oc. 

2:cc. 

0.1 

0.25 

0.5 

1.0 

2.0 

3.0 

4.0 

ee. 

to  25 
"  25 
«  25 
"  25 
"  25 
"  25 
"  25 

ec. 

1 
3 

7 

19 

30 

-f-30 

-f-30 

-1 
2 
5 
11 
18 
21 
27 

0 

0 

0 

6 

11 

19 

24 

0 
0 
0 
5 
9 
20 
25 

0 

0 

0 

4 

10 

15 

21 

Deduction, — ^Potassium  oxalate  has  a  strong  bleaching  effect  on 
the  picramic  acid  color,  as  seen  in  the  tabulation.    Passing  from 
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the  fourth  column,  the  numbers  in  which  represent  the  normal 
color,  and  going  to  the  right,  the  numbers  diminish  with  increas- 
ing amounts  of  oxalate,  signifying  that  the  picramic  color  is  ap- 
preciably decreased  by  the  presence  of  oxalate.  For  example,  0.5 
cc.  of  satiu'ated  oxalate  in  5  cc.  of  blood  has  entirely  destroyed 
the  picramic  acid  color  produced  by  0.5  mg.  of  creatinine.  Even 
0.1  cc.  of  oxalate  in  5  cc.  of  blood  (0.5  cc.  in  30  cc.)  produces  a 
noticeable  decrease  in  color. 

Hence  in  adding  potassium  oxalate  to  blood  in  order  to  prevent 
clotting,  it  is  very  essential  either  to  weigh  or  measure  the  same. 
1  cc.  of  a  satiu*ated  solution  to  every  60  cc.  of  blood  is  suflBicient 
(an  amoimt  as  added  to  standards  when  making  the  table). 

Experiment  II.    Effect  of  Glucose,  in  Concentration  as  Found  in  Normal 
Bloody  Also  That  of  Standing  after  the  Addition  of  the  Alkali. 


Creat- 

Glu- 
cose. 

Saturated 

potassium 

oxalate 

solution. 

Saturated 

picric  acid 

solution. 

2  N  NaOH 
per  10  cc. 

Colorinietric  readings. 

Creatinine  per  100  er. 

inine 
per  100 

cc. 
actually 

10  min. 

after 

addition 

of  NaOH. 

30  min. 

after 
addition 
of  NaOH. 

From  oolorimetiic 
readiocB. 

preaent. 

After  10 
min. 

After  30 
min. 

mg. 

mg. 

ec. 

ec. 

cc. 

mg. 

mg. 

0.1 

+6 

0.1 

to  15 

9.5 

13.9 

0.15 

0.45 

0.1 

0.1 

"    15 

8.7 

8.5 

0.1 

0.1 

0.7 

+•6 

0.1 

"    15 

20.7 

38.7 

0.95 

2.1 

0.7 

0.1 

"  15 

17.4 

17.4 

0.68 

0.68 

2.0 

+6 

0.1 

"   15 

41.4 

2.3 

2.0 

0.1 

"   15 

34.3 

34.3 

1.9 

1.9 

Deduction. — Using  the  dichromate  table,  the  values  for  creati- 
nine obtained  are  the  same  as  the  amount  of  creatinine  added. 
The  presence  of  glucose  (as  in  blood)  gives  sUghtly  higher  values. 
On  standing  longer  than  10  minutes,  the  color  developed  by  the 
glucose  becomes  appreciable.  Hence,  in  making  standards  for 
comparison,  glucose  should  be  added  in  amoimts  as  found  in  blood. 
Readings  must  be  made  after  10  minutes;  delay  introduces  an  ele- 
ment of  error. 
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Experiment  III.    Effect  of  Alkali  on  the  Values  Obtained  for  Different 

Concentratione  of  Creatinine, 


Oxalate 

and 
alknli. 

J 

Cobrimetric 
reading  (Duboecq.) 

Color  due  to  each  component. 

• 

Creat- 

In  ratio. 

inioe 
per  100 

Sat- 
urated 
picric. 

Reading 

of  other 

tube. 

In  percentage. 

ccuaed. 

Picric. 

AlkaU 

and 
oxalate. 

Creat- 
inine. 

Picric. 

AlkaU 

and 
oxalate. 

Creat- 
inine. 

mg. 

0 

0 

0.1 

0.5 

1.0 

2.0 

0 

30 
30 
30 
30 
30 
30 

30 

17.7 

13.3 

8.2 

4.3 

3.2 

0 

0.7 
0.7 
0.7 
0.7 
0.7 

0 

0 

0.5 

1.9 

5.2 

7.7 

per  cent 

46 
28 
14 
10 

per  cent 
32 

19 

10 

7 

per  cent 

23 
53 
76 
83 

*  Amounts  as  required  by  the  method. 

Deduction. — ^For  values  arouiid  0.1  mg.  in  100  cc.  the  color  due 
to  creatinine  is  only  about  20  per  cent  of  the  total  color  produced. 
As  the  concentration  increases,  the  percentage  of  color  due  to  cre- 
atinine increases,  at  a  2.0  mg.  concentration;  it  ia  83  per  cent  of 
the  total  color,  only  17  per  cent  is  due  to  the  picric  and  alkali. 
With  still  higher  concentration,  of  course,  this  percentage  of  color 
due  to  alkali  picrate  becomes  less  and  less. 

Experiment  IV.    Derivation  of  Table  to  Be  Used  in  the  Colorimetric  Deter- 
mination of  Creatinine  in  Blood. 


Creatinine 

per  100  cc. 

•UiedScc.) 

Saturated  picric 

acid  solution 

containing  100 

mg.  of  glucose 

in  100  cc. 

Saturated  po- 
tassium oxalate 
■    solution. 

2  N  NaOH  per 
10  cc. 

Colorimetric  readings  after 
10  rain. 

Standard  m/  72 
bichromate. 

Standard 
creatinine.* 

wig. 

cc. 

cc. 

cc. 

0.1 

to  15 

0.1 

9 

30 

0.3 

"  15 

0.1 

12 

30 

•    0.5 

"  15 

0.1 

15 

30 

0.7 

"  15 

0.1 

18 

30 

0.9 

"  15 

0.1 

20 

30 

1.1 

"  15 

0.1 

23 

30 

1.3 

"  15 

0.1 

25 

30 

1.5 

"  15 

0.1 

28 

30 

1.7 

"  15 

0.1 

30 

30 

1.9 

"  15 

0.1 

34 

30 

2.1 

"  15 

0.1 

38 

30 

*  Represents  the  unknown  when  using  this  table. 
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V 

♦ 

Experiment  IV — Concluded, 

Creatinine 
per  100  ec. 
(Uaed  3  oc.) 

Saturated  picric 

acid  solution 

containing  100 

mg.  of  gluooee 

in  100  cc. 

Saturated  po- 

taaaium  oxalate 

solution. 

2  N  NaOH  per 
10  00. 

Colorimetrio  readings  after 
lOmin. 

Standard  ii/24 
bichromate. 

Standard 
creatinine.* 

mg. 

oc. 

ce. 

ce. 

2.1 

to  15 

0.1 

14 

30 

2.5 

"  15 

0.1 

16 

30 

3.0 

"  16 

0.1 

19 

30 

3.5 

"  15 

0.1 

22 

30 

4.0 

"  15 

0.1 

27 

30 

4.5 

«  15 

0.1 

31 

30 

4.5 

"  15 

0.1. 

19 

20 

5.0 

"  15 

0.1 

22 

20 

6.0 

"  15 

0.1 

29 

20 

7.0 

"  15 

0.1 

34 

20 

8.0 

"  15 

0.1 

40 

20 

9.0 

"  15 

0.1 

46 

20 

10.0 

"  15 

0.1 

51 

20 

How  to  Use  the  Above  Table, — Provided  Folin's  method  is  ad- 
hered to,  as  in  the  above,  the  unknown  is  placed  at  30,  and  then 
the  reading  obtained  on  the  colorimeter  is  translated,  into  mg.  of 
creatinine  in  100  cc*  of  blood,  directly  by  the  figure  in  the  first 
column. 


Experiment  V .     Coniparing  the  V blues  Obtained  by  Folins  Standard  vnth 

Those  of  Our  Table. 


Creatinine 
per  100  cc. 
(Used  3  oc) 

Saturated 
picric  acid 

Bolution  con- 
taining 100 

mg.offlucoae 
in  lOO  CO. 

Saturated 
oxalate. 

2  N  NaOH 
per  10  cc. 

Creatinine 

found  by 

Folin's 

standard. 

Creatinine 

by  Gettler's 

table. 

mg. 

cc. 

oc. 

ce. 

0.1 

to  15 

0.1 

0.6 

0.1 

0  3 

"    15 

0.1 

0.6 

0.35     . 

0.5 

"  15 

0.1 

0.7 

0.5 

0.7 

"  15 

0.1 

0.9 

0.7 

0.9 

"  15 

0.1 

1.0 

0.95 

1.1 

"   15 

0.1 

1.0 

1.1 

1.3 

"   15 

0.1 

1.1 

1.3 

1.5 

"   15 

0.1 

1.2 

1.4 

1.7 

"   15 

0.1 

1.3 

i.a 

1.9 

"   15 

0.1 

1.5 

1.8 

2.1 

"   15 

0.1 

1.6 

2.1 
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The  above  table  shows  plainly  that  for  low  values,  as  found  in 
normal  blood,  the  readings  by  the  Folin  standard  are  much  too 
high.  When  the  values  reach  1  mg.,  as  in  the  standard,^  then 
only  does  the  Folin  standard  give  the  correct  value.  Finally,  if 
the  unknown  has  a  higher  content  than  the  standard,  the  values 
always  run  low.  By  means  of  the  standardized  table,  however, 
the  values  obtained  agree  very  closely  with  the  amounts  actually 
present. 

Experiment  VI.    Some  Additional  Normal  Creatinine  Values, 


No. 

Name. 

Reading  of  oolorimeter. 

• 

Creatinine  per  100  ec. 

mg. 

1 

Mc 

10 

0.15 

2 

H 

9 

0.1 

3 

D 

8 

0.1 

4 

Sh 

8 

0.1 

5 

K 

9 

0.1 

6 

G 

13 

0.4 

7 

T 

12 

0.3 

8 

J 

9 

0.1 

9 

R 

10 

0.15 

10 

W 

11 

0.2 

11 

E 

8 

0.1 

Deduction. — ^The  normal  value  for  creatinine  in  blood  is  0.1 
to  0.5  mg.  in  100  cc .  This  confirms  the  values  of  Gettler  and 
Baker.  The  values  of  Folin  and  Denis^  and  of  Myers  and  Fine* 
are  much  too  high. 


SUMMARY. 

I.  In  the  light  of  the  experimental  evidence  just  presented,  I 
cannot  subscribe  to  McCrudden  and  Sargent's  view,  that  all  cre- 
atinine blood  values  heretofore  reported  are  useless,  because  of 
error  in  method.  The  values,  in  normal  blood,  of  Gettler  and 
Baker^  are  correct  and  are  here  again  confirmed.     Furthermore, 

^  Folin's  standard  is  0.2  mg.  of  creatinine  in  100  cc.  Of  this  10  cc.  are 
used  and  colorized  without  diluting.  It  must  be  remembered,  however, 
that  the  blood  sample  is  diluted  fivefold,  so  that  the  standard,  calculating 
on  a  similar  dilution,  represents  1  mg.  in  100  cc. 
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in  all  other  reported  values,  which  lie  at  2  mg.  in  100  cc.  and 
above  the  error  is  not  enough  to  warrant  rejection. 

II.  The  method  for  estimating  creatinine  in  blood  has  been 
critically  studied  as  to  the  following:  (a)  Oxalate  has  a  strong 
bleaching  action  on  the  picramic  acid  color,  so  that  care  must  be 
taken  not  to  add  too  much.  (6)  Standing  longer  than  10  min- 
utes brings  in  a  large  error,  because  color  changes  rapidly  there- 
after, (c)  The  total  color  that  is  read  in  the  colorimeter  is  not 
all  due  to  creatinine.  At  0.1  mg.  concentration  it  is  only  about 
23  per  cent  of  the  total.  As  the  creatinine  content  increases  the 
percentage  of  color  due  to  it  increases,  so  that  at  a  2.0  mg.  con- 
centration it  is  83  per  cent  and  beyond  that  it  more  and  more 
approaches  100  per  cent. 

III.  A  table  is  given  for  reading  mg.  of  creatinine  in  100  cc. 
of  blood  directly,  in  which  all  the  above  sources  of  error  have 
been  accounted  for. 

IV.  Known  solutions  of  creatinine  have  been  determined  with 
the  Folin  standard  and  also  with  this  table,  conclusively  proving 
that  for  values  of  0.1  to  0.5  mg.  of  creatinine  the  Folin  standard 
gives  values  much  too  high. 

V.  Eleven  additional  normals  have  been  determined  for  their 
creatinine  value.  These  range  between  0.1  and  0.4  mg.  in  100 
cc,  confirming  Gettler  and  Baker^s  previous  report. 

The  values  of  1.0  to  2.0  mg.  in  100  cc.  as  reported  by  Folin 
and  Denis,  and  by  Myers  and  Fine,  are  much  too  high. 


THE   BEHAVIOR  OF   CHICKENS  FED  RATIONS 
RESTRICTED  TO  THE  CEREAL  GRAINS.* 

By  E.  B.  hart,  J.  G.  HALPIN,  and  E.  V.  McCOLLUM. 

(From  the  Departments  of  AgricvXtural  Chemistry  and  PoiUtry  Husbandry 

of  the  University  of  Wisconsin,  Madison.) 

Plate  1. 

(Received  for  publication,  December  18,  1916.) 

With  the  prevailing  interest  in  problems  of  animal  nutrition 
some  confusion  will  probably  arise  if  investigators  translate  with- 
out reserve  and  without  definite  knowledge  the  results  secured 
with  laboratory  animals  to  those  of  economic  value  or  to  man 
himself.  In  investigations  carried  on  from  this  laboratory,  in- 
volving rats,  swine,  and  cattle,  there  has  been  constant  agreement 
among  these  three  species  in  the  effects  produced  by  the  several 
rations  studied. 

There  may  have  been  some  slight  differences  between  the  re- 
sistances of  swine  and  rats  to  certain  rations  involved  in  our  ex- 
tended inquiries,  but  on  the  whole  substantial  agreement  has  re- 
sulted. It  does  not  follow,  however,  that  this  would  be  true  with 
every  ration  that  may  arise  for  investigation,  nor  should  we  ex- 
pect the  requirements  for  the  normal  factors  of  nutrition  to  be 
exactly  identical  among  all  species  of  mammals.  For  purposes  of 
a  definite  record  of  the  behavior  of  different  species  we  desire  to 
record  here  the  fact  that  chickens  behave  entirely  differently  from 
either  rats  or  swine  on  rations  limited  to  the  corn  (maize)  or  wheat 
grains  and  their  products. 

With  swine  or  rats^  there  is  practically  no  growth  when  the  ra- 
tion is  restricted  to  either  a  corn  meal,  gluten  feed  mixture — or 
a  wheat  meal,  wheat  gluten  ration.  On  the  corn  meal,  gluten 
feed  ration  swine  will  maintain  themselves  for  a  long  time — at 

*  Published  with  the  permission  of  the  Director  of  the  Agricultural 
S^xpcriment  Station. 

*  Hart,  E.  B.,  and  McCoUum,  E.  V.,  /.  Biol.  Chem.y  1914,  xix,  373. 
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least  several  months — ^without  evidences  of  serious  malnutrition ; 
ultimately,  however,  their  coats  will  show  some  roughness,  the  apn 
petite  will  wane,  and  slight  stiffness  may  arise,  but  no  serious  patho- 
logical symptoms  develop,  at  least  in  the  periods  under  our  ob- 
servation, 6  months.  However,  there  will  be  little  if  any  growlii 
and  no  reproduction.  When  a  suitable  salt  mixture  is  added  to 
the  com  grain  ration,  growth  at  a  fair  rate  and  continued  well- 
being  result.  Reproduction  likewise  occurs,  although  it  will  not 
be  normal. 

Where  wheat,  wheat  gluten  forms  the  ration  pathological  con- 
ditions will  manifest  themselves  with  swine  or  rats  in  4  to  5 
months.  Maintenance  fails  and  marked  symptoms  of  nutritional 
derangement  develop.  In  the  presence  of  a  salt  mixture  there  may 
be  some  early  growth,  but  after  a  few  months'  restriction  to  this 
ration  loss  in  weight  sets  in  accompanied  by  important  histologi- 
cal changes  in  the  spinal  cord.*  . 

With  chickens,  starting  at  3  to  4  pounds'  weight,  no  such  re- 
sults as  described  above  for  mammals  were  obtained,  and  our 
observations  extended  over  periods  of  7  months'  duration  and  in 
some  cases  for  12  months.  On  either  the  com,  gluten  feed,  or 
wheat,  wheat  gluten  rations,  these  animals  will  make  slow  growth, 
but  what  is  more  important,  they  will  reach  maturity,  maintain 
themselves  without  pathological  symptoms  developing,  and  pro- 
duce fertile  eggs.  With  swine  or  rats  there  is  complete  cessation 
of  the  oestrum  on  rations  limited  to  either  of  these  two  grains, 
fortified  only  with  the  protein  concentrate  from  the  same  grain. 

With  the  chickens  whose  records  are  here  given  there  was  in 
many  cases  a  fall  in  weight  at  the  time  of  the  lajdng  period,  and 
not  enough  time  elapsed  between  the  termination  of  the  laying 
period  and  the  termination  of  the  experimental  observations  to 
regain  the  maximum  weight.  There  was,  however,  variation 
among  the  individuals  in  this  respect  and  a  considerable  number 
showed  no  such  fall  in  weight  during  the  laying  period.  It  is  to 
be  expected  that  under  unfavorable  environmental  conditions, 
such  as  strict  housing  and  limited  quarters,  variations  such  as 
these  would  occur.    The  same  results,  however,  may  be  obtained 

» Hart,  E.  B.,  Miller,  W.  S.,  and  McCollum,  E.  V.,  /.  BioL  Chem.,  1916, 
XXV,  239. 
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with  chickens  kept  under  nonnal  conditions  and  fed  standard 
rations. 

To  all  the  rations  used  in  these  studies  there  was  an  addition 
of  calcium  carbonate  to  provide  for  egg  shell  production.  This 
was  a  modification  in  the  ash  mixture  of  the  ration  and  might  be 
considered  a  crucial  factor  in  the  slow  growth,  maintenance,  and 
reproduction  secured  with  this  species;  nevertheless  we  have 
added  to  a  wheat,  wheat  gluten  ration  calcium  lactate,  which 
should  have  modified  the  ration  in  the  same  way  as  here  modi- 
fied, but  with  absolute  failure  where  swine  were  involved  in  the 
inquiry. 

We  have  nimierous  records  of  failure  with  manmials  where 
wheat  served  as  a  large  proportion  of  the  diet  and  have  attributed 
such  failure  to  the  inherent  toxicity  in  the  grain.'  Such  disaster 
will  result  even  where  the  animals  (swine)  are  placed  on  the  ra- 
tion  after  reaching  a  weight  of  75  to  100  pounds.  This  fact 
should  eliminate  any  criticism  that  the  success  with  chickens — 
limited  to  a  wheat  grain,  wheat  gluten,  calcium  carbonate  ration 
—was  made  possible  by  the  choice  of  birds  already  somewhat 
passed  the  half  grown  mark.  Such  toxicity  as  occurs  in  the  wheat 
grain  had  no  apparent  detrimental  efifect  on  chickens. 

We  know,  of  coiu-se,  that  it  is  impossible  to  place  baby  chicks 
upon  such  rations  as  here  used  and  have  a  successful  rearing.  It 
is  possible,  however,  to  take  this  species  at  the  half  grown  period 
and  obtain  slow  growth  and  fertile  egg  production.  At  what 
age  or  weight  they  can  be  started  on  such  rations  and  secure 
growth  and  egg  production  is  yet  to  be  determined. 

Perhaps  we  should  not  wonder  at  such  results.  It  is  apparent 
from  paleontological  records  that  this  species  (chickens)  occupies 
a  lower  position  in  the  scale  of  animal  evolution  than  mammals, 
and  the  quantitative  requirements  of  the  normal  factors  for  nutri- 
tion, established  for  a  mammal,  may  not  be  exactly  like  those  re- 
quired by  a  fowl.  It  is  certain  from  the  data  here  presented  that 
its  mineral  requirements  for  slow  growth  or  maintenance  are  not 
like  those  of  either  the  rat  or  pig,  especially  under  conditions  of 
a  poor  adjustment  in  the  ration  of  the  other  factors  for  normal 

'Hart  and  McCollum,  J,  Biol.  Chem.,  1914,  xix,  373.  McCoUum,  E. 
v.,  Simmonds,  N.,  and  Pitz,  W.,  ibid.,  1916,  xxv,  105.  Hart,  Miller,  and 
McCoUum,  ibid.,  1916,  xxv,  239. 
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nutrition.  We  have,  however,  seen  pigs^  grow  well  on  a  grain 
diet,  fortified  with  a  protein  concentrate  like  oil  meal  and  an  ad- 
dition of  but  1  per  cent  of  the  raiion  as  meat  scraps.  The  latter,  in 
the  proportion  used,  could  not  possibly  have  modified  the  min- 
eral content  of  the  ration  in  any  important  degree,  but  without 
its  presence  failure  resulted.  By  what  action  such  a  small  p)er- 
centage  of  meat  could  turn  a  ration  from  a  failure  into  a  success 
for  growth  in  mammals  needs  specific  investigation.  The  ex- 
treme exponents  of  the  vitamine  theory  would  find  a  ready  expla- 
nation in  the  cry  of  "deficiency,"  but  that  is  not  the  explanation. 
Substituting  butter  fat  for  the  meat  does  not  make  the  ration  a 
success. 

What  the  differences  are  between  species  in  respect  to  the  re- 
quirements of  the  unidentified  dietary  factors  A  and  B  cannot  be 
definitely  decidec^  from  these  data.  But  it  is  true  that  the  two 
grains,  com  or  wheat,  provide  chickens  with  enough  of  these  sub- 
stances at  the  half  grown  period  for  continued  slow  growth,  main- 
tenance, and  production  of  fertile  and  hatchable  eggs,  if  we  take 
the  records  of  maximum  performance;  but  future  work  must  de- 
termine what  are  the  requirements  in  respect  to  these  factors  by 
baby  chicks  making  for  normal  growth  and  reproduction.  We  are 
assuming  that  this  species  cannot  synthesize  these  unidentified 
dietaiy  factors,  an  assimiption  which  is  undoubtedly  correct,  es- 
pecially in  reference  to  the  imidentified  factor  B. 

Osborne  and  Mendel*  have  recently  pointed  out  that  the  same 
relation  holds  for  chickens  as  for  rats  in  respect  to  their  depend- 
ence for  normal  growth  on  the  qualitative  make-up  of  the  proteins. 

The  chicken's  tolerance  for  wheat,  without  an  adjustment  of 
the  nutritive  factors  of  this  grain,  as  is  necessary  with  swine  or 
rats,  is  evidence  of  a  difference  in  its  metabolism  as  compared 
with  that  of  the  mammal — a  fact  also  supported  by  the  well 
known  differences  between  their  purine  metabolism. 

EXPERIMENTAL. 


For  both  seasons  of  experimental  work  vigorous  pullets  (Rhode 
Island  Reds)  were  selected.  There  were  three  in  each  lot,  con- 
fined to  wire  cages  with  shavings  as  litter  and  scratch.    They 

♦Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1916,  xxvi,  293. 
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were  placed  in  the  cages  November  1  and  the  experimental  ob- 
servations  tenninated  June  1,  a  period  of  7  months'  observation. 
New  birds  were  selected  for  the  2nd  year;  distilled  water  was 
used  for  all  lots  with  the  exception  of  one  of  the  controls  where 
well  water  was  used.  Quartz  grits  were  used  in  the  hoppers. 
The  salts  were  mixed  intimately  with  the  feeds  whether  fed  as 
dry  or  wet  mash.  Calciimi  carbonate  was  used  as  the  precipi- 
tated carbonate  in  the  proportion  of  3  pounds  to  100  pounds  of 
air-dried  feed.  The  protein  concentrate  was  used  either  as  dry 
or  wet  mash,  but  mixed  with  some  of  the  cereal  gram.  In  addi- 
tion, some  of  the  whole  grain  was  cracked  and  used  as  a  scratch 
feed.  The  proportion  of  grain  to  concentrate  as  indicated  in  the 
table  was,  however,  always  kept  constant  over  any  given  num- 
ber of  days  of  consumption.  This  was  accomplished  by  weighing 
out  the  proportion  given  in  the  table  and  then  seeing  to  it  that 
each  proportion  was  fed  and  consmned  before  a  new  batch  of 
material  was  started. 

The  feeds  used  in  the  check  lots  consisted  of  three  parts  of  corn, 
two  parts  of  wheat,  one  part  of  oats  as  scratch,  and  one  part  each 
of  bran,  middlings,  and  com  as  mash.  These  were  supplied  at 
the  rate  of  two  parts  of  scratch  feed  to  one  of  mash.  The  check 
ration  is  by  no  means  a  very  successful  one  for  rapid  growth 
and  large  production  with  chickens,  but  what  it  accomplished  as 
contrasted  with  its  effects  on  swine  or  rats  is  especially  what  we 
want  to  emphasize.  It  would  lead  to  absolute  disaster  with 
swine  or  rats,  but  with  chickens  it  gave  moderate  growth  and  re- 
production. It  should  be  kept  in  mind  that  this  ration  was  of 
strictly  vegetable  origin  derived  wholly  from  cereal  grains  and 
that  it  maintained  this  species  with  production  of  fertile  eggs. 
In  fact  during  the  short  laying  period  of  2  months  exhibited  by 
these  birds  (March  1  to  May  1)  there  was  averaged  an  egg  per 
fowl,  every  3rd  day. 

In  addition  to  our  studies  of  the  effects  of  restricted  corn  and 
wheat  rations  on  the  growth  and  egg-lajdng  production  of  chick- 
ens we  have  extensive  records  where  the  rations  were  restricted  to 
oat  grain  or  to  barley  grain  and  their  products.  No  detailed  dis- 
cussion of  these  records  will  be  given  at  this  time,  but  the  state- 
ment can  be  made  that  this  species  could  maintain  itself  and  pro- 
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duce  fertile  eggs  on  rations  limited  to  these  two  sources  as  well  as 
on  com  or  wheat  grain  and  their  products. 

During  the  2nd  year  of  observation  the  records  of  egg  produc- 
tion represent  those  collected  and  not  those  produced.  Most  of 
the  eggs  were  broken  and  in  some  cases  eaten.  These  dififerences 
between  the  two  records  in  the  2  years  were  largely  due  to  the 
fact  that  a  new  attendant,  unaccustomed  to  the  work,  was  in 
charge  the  2nd  year.  The  size  of  the  eggs  produced  in  either 
year  was  normal  and  there  was  no  appreciable  variation  among 
lots  in  their  fertility.  The  hatching  power — ^the  percentage  of 
live  chickens  produced  from  a  given  niunber  of  eggs — ^was  a  nor- 
mal figure. 

Addition  to  either  a  corn  grain,  com  gluten  or  wheat  grain, 
wheat  gluten  ration  of  a  salt  mixture,  which  at  least  with  com 
makes  possible  the  growth  of  swine,  here  made  little  if  any  im- 
provement in  the  ration. 

The  addition  of  butter  fat  and  salts  or  of  butter  fat,  salts,  and 
casein  likewise  gave  Uttle  if  any  improvement  over  rations  not  car- 
rying these  additions.  It  might  be  contended  that  these  were 
practically  maintenance  experiments,  but  a  study  of  the  data  will 
show  that  most  of  the  birds  made  considerable  gains  in  weight — 
15  to  25  per  cent  of  their  initial  weight  and  some  even  more  than 
this.  Birds  179  and  529 — ^wheat,  wheat  gluten,  calcium  carbo- 
nate ration — ^made  increases  of  30  and  40  per  cent  respectively 
over  their  initial  weight.  Approximately  similar  increases  were 
made  on  the  com,  gluten  feed,  calcium  carbonate  ration. 

All  these  rations  gave  low  egg  production;  we  are  not  contend- 
ing that  they  cannot  be  improved,  because  as  a  matter  of  fact  they 
actually  are  improved  in  practice  by  the  addition  of  meat  scraps, 
granulated  milk,  free  range,  etc.,  but  that  they  accomplished  any- 
thing as  contrasted  with  their  efifect  upon  a  mammal  is  the  point 
we  wish  to  emphasize. 

Some  of  the  birds  pulled  their  feathers,  but  this  occurred  more 
or  less  in  all  lots.  Figs.  1  to  7  show  the  condition  of  some  of 
these  animals  at  the  termination  of  the  experiment.  There  was 
absolutely  no  indication  of  polyneuritis  among  the  birds  on  any 
of  these  rations.  For  comparison,  see  an  earlier  illustration  of  a 
pig  on  a  wheat,  wheat  gluten,  salt  mixture  ration.*    This  species 

» Hart  and  McCollum,  /.  Biol.  Chem.,  1914,  xix,  373,  Fig.  1. 
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TABLE  1. 

ReMrd  of  Results,  1914-15,    Duration,  November  1  to  June  1.    Laying  Period 

March  1  to  May  1. 


Weight. 

Bird 
No. 

Eeg 
produc- 
tion. 

FertiU- 
ty. 

Hatch- 
ing 
power. 

Ration. 

Initial. 

Maxi- 
mum. 

Final. 

Iba. 

lbs. 

lbs. 

par  cent 

per  cent 

Com  meal  70  lbs. 

171 

3.9 

4.7 

3.8 

27 

100 

50 

Gluten  feed  30  lbs. 

172 

3.6 

4.6 

3.7 

CaCO,  3  lbs. 

173 

3.9 

4.75 

4.15 

Quartz. 

Corn  meal  70  lbs. 

174 

3.9 

5.25 

5.25 

36 

90 

60 

Gluten  feed  30  lbs. 

175 

3.2 

3.9 

2.35 

CaCO,  3  lbs. 

176 

4.0 

4.8 

3.45 

K2HPO4  323  gm. 

Ca  lactate  513  gm. 

Quartz. 

t 

Com  95.5  lbs. 

189 

4.2 

4.5 

4.0 

34 

100 

60 

Casein  2.5  lbs. 

190 

3.1 

2.15 

K,HP04  323  gm. 

191 

3.5 

3.8 

3.35 

Ca  lactate  513  gm. 

CaCO,  3  lbs. 

Quartz. 

Wheat  meal  95.5  lbs. 

177 

3.8 

4.3 

4.0 

27 

100 

'    80 

Wheat  gluten  2.5  lbs. 

178 

3.3 

3.5 

3.15 

CaCO,  3  lbs. 

179 

3.6 

4.6 

4.15 

Quartz. 

t 

Wheat  95.5  lbs. 

180 

2.9 

1.3 

33 

90 

90 

Wheat  gluten  2.5  lbs. 

181 

3.4 

1.85 

KjHPO*  323  gm. 

182 

3.7 

4,5 

4.35 

Ca  lactate  >13  gm. 

CaCO,  3  lbs. 

Quartz. 

Wheat  95.5  lbs. 

183 

3.7 

4.3 

2.55 

35 

100 

80 

Casein  2.5  lbs. 

184 

3.1 

3.6 

2.8 

KjHPO*  323  gm. 

185 

3.7 

4.85 

4.35 

Ca  lactate  513  gm. 

CaCOi  3  lbs. 

Quartz. 

■ 
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Wdtht. 

n^. 

r 

ImU»l. 

^. 

Fiul. 

"' 

'^' 

ifc.. 

u». 

Om. 

per  ceil 

ptrcrnt 

Wheat  95.5  lbs. 

186 

3.6 

4.65 

4.35 

.^ 

SO 

m 

CttaeiD2.61b8. 

1S7 

3  3 

5  2.5 

4R5 

Butter  fat  2  Iba. 

lf» 

3.9 

5.35 

3  75 

KOIPO.  323  gm. 

Ca  lactate  513  gm. 

CaCO,  3  IbB. 

Quart!. 

Check,  variety  grain  ra- 

192 

3  2 

4.6 

4.05 

69 

100 

90 

tion. 

IflS 

.IS 

45 

4n 

Distilled  water. 

m 

3  R 

4  75 

39 

CaCO,  3  lbs. 

Quart!. 

Check,  variety  grain  ra- 

195 

3.5 

4.25 

3.7 

(11 

80 

60 

tion. 

196 

3  2 

4  3 

3  7 

Well  water. 

197 

4.4 

HKi 

4  75 

CaCO.  3  lbs. 

Quart!. 

TABLE  II. 
r  Results,   1915-16.      Duration,   November   I    i 
Period,  March  1  to  May  1. 


RXion. 

Bird  No. 

Weight. 

ir 

iDitisl. 

Mui- 

Pinsl. 

t«lod.* 

lb,. 

Uu. 

a.. 

Corn  meal  70  Ibe. 

521 

5.4 

6.8 

4.8 

4 

Gluten  feed  30  lbs. 

522 

3.3 

4.8 

3.6 

CaCO.  3  IbB. 

523 

4.5 

5  1 

Quarts. 

Corn  meal  70  lbs. 

524 

3.7 

5.7 

4,5 

5 

Gluten  feed  30  lbs. 

525 

4.7 

KjHPO,  323  gm. 

526 

3.3 

CaCO.  3  Iba. 

Ca  lactate  513  gm. 

Quartz. 

•Eggs  collerted.     Most  of  them  Here  broken  in  the  nest  or  eaten. 
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TABLE  n—Concltuied, 


Bird  No. 

Weight. 

lect«d.' 

Ration. 

Initial. 

M!uci- 
mum. 

Final. 

Ibi. 

lbs. 

tbt. 

Corn  95.5  lbs. 

539 

4.0 

5.6 

4.0 

1 

Casein  2.5  lbs. 

540 

3.3 

4.8 

3.6 

CaCX),  3  lbs. 

541 

3.8 

4.8 

4.3 

K,HP04  323  gm. 

Ca  lactate  513  gm. 

Quartz. 

Wheat  meal  95.5  lbs. 

527 

4.8 

5.9 

3.2 

0 

Wheat  gluten  2.5  lbs. 

528 

3.7 

4.5 

3.4 

CaCO,  3  lbs. 

529 

3.4 

4.8 

4.0 

Quartz. 

Wheat  meal  95.5  lbs. 

530 

4.5 

5.6 

4.3 

1 

Wheat  gluten  2.5  lbs. 

531 

4.7 

4.8 

4.0 

CaCO,  3  lbs. 

532 

3.6 

4.8 

3.1 

K,HP04  323  gm. 

Ca  lactate  513  gm. 

Quartz. 

Wheat  95.5  lbs. 

533 

4.9 

6.4 

4.7 

9 

Casein  2.5  lbs. 

534 

3.5 

4.6 

2.6 

CaCO,  3  lbs. 

535 

3.9 

5.6 

4.3 

KtHPO*  323  gm. 

Ca  lactate  513  gm. 

Quartz. 

Wheat  95.5  lbs. 

536 

5.1 

7.0 

4.0 

5 

Casein  2.5  lbs. 

537 

3.4 

5.3 

4.0 

Butter  fat  2  lbs. 

538 

3.1 

4.2 

3.0 

CaCO,  3  lbs. 

KjHPO*  323  gm. 

Ca  lactate  513  gm. 

Quartz. 

Check,  variety  grain  ration. 

542 

4.3 

5.7 

4.8 

8 

Distilled  water. 

543 

3.6 

5.8 

4.4 

CaCO,  3  lbs. 

544 

3.3 

5.0 

3.7 

Quartz. 

Check,  variety  grain  ration. 

545 

3.5 

5.0 

4.7 

0 

Well  water. 

546 

3.9 

6.2 

4.9 

CaCO,  3  lbs. 

547 

3.6 

5.3 

4.2 

Quartz. 

•  Eggs  collected.    Most  of  them  were  broken  in  the  nest  or  eaten. 
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tolerates  this  ration  for  a  few  months,  but  ultimately  will  begin 
to  lose  weight  and  pass  into  a  miserable  condition. 


M 


■  1 


SUMMARY. 

1.  Chickens  started  at  half  the  normal  weight  can  make  slow 
growth,  maintain  themselves,  and  produce  fertile  eggs  on  rations 
limited  to  corn  meal,  gluten  feed,  and  calcium  carbonate,  or  wheat 
meal,  wheat  gluten,  and  calcium  carbonate. 

2.  These  results  are  in  marked  contrast  to  our  records  with 
swine  or  rats  where  these  rations  lead  to  loss  of  weight,  cessation 
of  oestnmi,  and  with  wheat  to  a  condition  resembling  polyneuritis. 

3.  It  is  apparent  that  the  mineral  requirements  at  least,  and 
possibly  the  requirements  for  the  other  normal  nutritive  factors 
are  not  the  same  for  chickens  as  they  are  for  mammals.  Further, 
the  chicken's  abiUty  to  tolerate,  without  disaster  and  without 
modification  of  the  ration,  the  toxic  material  of  wheat  speaks  for 
a  metaboUsm  distinct  from  that  of  swine  or  rats. 

4.  Where  half  grown  chickens  were  used  there  was  no  imp)ortant 
improvement  in  the  rates  of  growth  or  egg-laying  capacity  by 
supplementing  the  grains  with  either  salts,  casein,  or  butter  fat, 
or  a  combination  of  the  three,  as  contrasted  with  the  results  se- 
cured with  the  grain,  grain  protein  concentrate,  CaCOa  ration. 
The  protein  level  in  all  cases  was  approximately  12  per  cent.  On 
all  of  these  rations  the  nimiber  of  eggs  produced,  although  fertile, 
was  limited.  This  fact,  at  variance  with  the  best  results  of  prac- 
tice where  animal  protein  concentrates  have  proved  of  great  value 
as  supplements  to  cereal  grains  for  a  large  egg  production,  would 
suggest  that  either  the  higher  plane — 20  to  25  per  cent — of  pro- 
tein intake  of  superior  quality  secured  in  practice  by  the  use  of 
the  animal  protein  concentrates  (meat  scraps,  milk,  etc.)  explains 
these  dififerences,  or  else  the  latter  contribute  certain  factors  nec- 
essary for  large  egg  production  which  the  cereal  grain  concen- 
trates or  casein  fail  to  carry.  The  matter  needs  further  investi- 
gation. 
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EXPLANATION  OP  PLATE    1. 

Fig.  1.  Condition  of  a  fowl  at  the  end  of  7  months  on  a  ration  of  95.5 
pounds  wheat  meal,  2.5  pounds  wheat  gluten,  3  pounds  CaCOi,  quartz, 
and  distilled  water.  This  animal  was  in  as  good  condition  as  were  fowls 
receiving  the  wheat  meal  plus  casein,  butter  fat,  and  a  salt  mixture  (see 
Fig.  3).  Contrast  this  figure  with  the  condition  of  a  mammal  receiving  a 
similar  ration.*    This  ration  is  fatal  to  a  manmial. 

FiQ.  2.  After  7  months  on  a  ration  of  95.5  pounds  wheat  meal,  2.5  pounds 
casein,  3  pounds  CaCOi,  323  gm.  KsHPOi,  513  gm.  calcium  lactate,  quartz, 
and  distilled  water.    The  animal  was  in  splendid  condition. 

Fig.  3.  After  7  months  on  a  ration  of  95.5  poimds  wheat  meal,  2.5  pounds 
casein,  2  pounds  butter  fat,  3  poimds  CaCOi,  323  gm.  K2HPO4,  513  gm.  cal- 
cium lactate,  quartz,  and  distilled  water.  Apparently  normal  condition, 
although  some  of  the  feathers  had  been  pulled.  This  fowl  was  in  no  better 
condition  than  those  receiving  the  wheat  ration,  but  without  casein,  but- 
ter fat,  or  the  salt  mixture  (see  Fig.  1). 

Fig.  4.  Photographed  at  the  end  of  7  months  on  a  ration  derived  wholly 
from  seeds;  scratch,  40  pounds  corn,  40  poimds  wheat,  20  pounds  oats; 
mash,  33  pounds  bran,  33  pounds  middlings,  33  pounds  corn  meal ,  dis- 
tilled water,  and  quartz.  Fed  two  parts  of  scratch  to  one  of  mash.  A 
normal  fowl  in  every  respect.  CaCOa  was  not  present  in  this  ration. 
Such  a  ration  would  terminate  growth  in  a  mammal  (pig  or  rat)  and  induce 
loss  in  weight  and  serious  pathological  changes. 

Fig.  5.  After  7  months  on  a  ration  of  70  pounds  com  meal,  30  pounds 
gluten  feed,  3  pounds  CaCOa,  distilled  water,  and  quartz.  From  all  ap- 
pearances this  was  a  normal  fowl. 

Fig.  6.  On  the  following  ration  for  7  months:  70  pounds  corn  meal, 
30  pounds  gluten  feed,  3  pounds  CaCOa,  323  gm.  K2HPO4,  513  gm.  calcium 
lactate,  distilled  water,  and  quartz.  Appeared  in  better  condition  than 
the  individual  shown  in  Figs.  5  or  7.  These  differences  are  really  due  to 
feather  picking  exhibited  more  by  some  individuals  than  by  others. 

Fig.  7.  Photographed  after  7  months  on  a  ration  of  95.5  pounds  corn 
meal,  2.5  pounds  casein,  3  pounds  CaCOi,  323  gm.  KiBPOi,  513  gm.  lactate, 
distilled  water,  and  quartz.  In  good  physical  condition,  but  had  pulled 
feathers. 
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It  has  become  more  and  more  evident  for  some  time  that  the 
question  of  the  protein  requirement,  particularly  in  the  case  of 
farm  animals,  is  in  need  of  critical  review  if  not  of  thorough  re- 
vision.   Practical  experience  has  long  since  demonstrated  that 
certain  of  the  vegetable  proteins,  such  as  those  of  the  maize  ker- 
nel/fail  to  promote  growth  effectively  unless  they  are  supple- 
mented by  added  nutrients.    The  deficiencies  may  be  of  more 
than  one  sort;  but  among  them  the  inadequate  or  quaUtatively 
inappropriate  character  of  the  protein  is  a  clearly  demonstrated 
feature.    The  evidence  which  has  lately  been  offered  for  the  diet- 
ary need  of  suitable  amino-acids  that  cannot  be  synthesized  by 
the  animal  organism  has  directed  emphasis  to  the  real  signifi- 
cance, from  the  standpoint  of  the  protein  requirement,  of  supple- 
mentiDg  one  food  by  another  containing  a  different  variety  of 
proteins.^    It  has  become  clearer  that  such  inadequate  but  per- 
haps cheap  proteins  can  be  supplemented  advantageously  by  one 
which  suppUes  the  needed  factors,  i.e.,  amino-acids.    Thus  in 
attempting  to  improve  a  diet  of  which  corn  or  com  meal  forms  the 
chief  constituent  our  experiments  have  indicated  that  better  re- 
sults would  be  obtained  if  the  added  protein  concentrate  furnished 

•The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

*  Mendel,  L.  B.,  Harvey  Society  Lectures  for  1915-16;  also  /.  Am.  Med. 
Assn..  1915,  Ixiv,  1530. 
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protein  rich  in  tryptophane  and  lysine.*  Hitherto  animal  fod- 
ders have  been  valued  largely  on  the  basis  of  the  amount  of  pro- 
tein which  they  contain,  little  attention  being  paid  to  the  quali- 
tative character  of  the  protein.  The  principle  that  the  quality 
of  the  protein  should  be  considered  in  order  to  make  sure  that  the 
ration  is  not  deficient  in  any  of  the  essential  amino-acids  is  b^in- 
ning  to  find  expression  in  the  most  recent  books  on  the  feeding  of 
farm  animals,'  but  suitable  directions  for  its  application  in  prac- 
tice remain  to  be  formulated.  Inasmuch  as  differences  exist  in 
the  economy  of  correcting  different  inadequate  protein  foods  with 
appropriate  supplementary  proteins,  one  problem  involves  the 
discovery  of  suitable  readily  available  mixtures  which  shall  not 
have  any  serious  relative  shortage  of  any  essential  amino-acid 
group. 

Indications  of  the  possibiUties  in  this  field  of  investigation 
have  already  been  furnished  by  our  earlier  experiments  with  grow- 
ing rats.*  Thus  experiments  with  additions  of  other  proteins  to 
corn  gluten,  containing  a  mixture  of  com  proteins  with  which 
only  very  slow  growth  is  possible  in  rats  even  when  all  other  (non- 
protein) essential  dietary  components  are  supplied,  have  shown 
results  in  accord  with  what  one  might  expect  from  the  presumable 
amino-acid  make-up  of  the  proteins  added.  Lactalbumin,  rich 
in  both  tryptophane  and  lysine,  appears  to  be  a  most  eflftcient  ad- 
juvant; casein  or  edestin  must  be  added  in  far  larger  proportion 
to  accomplish  results  approaching  those,  of  the  lactalbumin.  In 
experiments  to  determine  the  relative  values  for  milk  production 
of  different  supplements  to  corn,  Hart  and  Humphrey*  found 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1914,  xvii,  325; 
1914,  xviii,  1;  1916,  xxv,  1;  1916,  xxvi,  293.  See  also  Hogan,  A.  G.,  ibid., 
1916,  xxvii,  193.  The  initial  failure  of  Hogan  to  cause  any  improvement 
in  the  growth  of  rats  by  additions  of  lysine  and  tryptophane  to  his  basal 
corn  ration  was  presumably  due  to  some  deficiency  in  the  diet  other  than 
the  protein  factor,  making  it  impossible  for  the  beneficial  effect  of  the 
amino-acids  to  manifest  itself.  The  effect  of  any  specific  addition  to  a 
ration  can  only  be  determined  when  all  the  other  conditions  are  known  to 
be  satisfactory. 

*  Cf.  Bull,  S.,  The  Principles  of  Feeding  Farm  Animals,  New  York, 
1916,  pp.  82,  131. 

*  Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xviii,  1. 

'Hart,  E.  B.,  and  Humphrey,  G.  C,  J.  Biol.  Chem.,  1915,  xxi,  239; 
1916,  xxvi,  457. 
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that  the  milk  proteins  had  a  percentage  eflftciency  of  about  60, 
oil  meal  61,  distillers'  grains  60,  gluten  feed  45,  corn  40,  and 
wheat  36. 

To  obtain  a  further  survey  of  the  possibilities  of  measiu-ing  the 
comparative  nutritive  potencies  of  different  proteins  or  protein 
concentrates  by  the  methods  of  feeding  which  we  have  pursued 
successfully  for  some  years  with  rats  and  more  recently  with  chick- 
ens,* we  have  undertaken  a  large  number  of  additional  experi- 
ments. Most  of  them  involve  the  question  of  growth  on  diets 
made  adequate  in  all  details  except  the  protein  used.  In  this 
respect  they  differ  from  most  earUer  feeding  trials  with  farm  ani- 
mals. In  one  series  with  a  liberal  supply  of  inadequate  corn 
gluten  as  the  basis  of  the  nitrogenous  part  of  the  ration,  diets 
were  made  with  combinations  containing  varying  proportions  of 
dififerent  proteins,  either  isolated  or  in  the  form  of  protein  fod- 
der "concentrates,"  but  in  which  the  total  amount  of  protein  was 
substantially  the  same.  These  experiments  soon  showed  that  the 
increments  of  body  weight  may  vary  very  widely  with  the  yro- 
portion  of  any  particular  protein  product  added;  or  they  may 
show  variations  related  to  the  same  proportion  of  different  proteins, 
in  an  otherwise  unchanged  food  mixtiu*e.  For  example,  if  ra- 
tions containing  a  fixed  proportion  of  total  protein — about  16  per 
cent  in  the  case  of  our  standard  foods — are  prepared  with  in- 
creasing proportions  of  a  protein  Uke  lactalbumin  or  casein  and 
correspondingly  decreasing  amounts  of  the  basal  corn  gluten,  the 
effect  is  clearly  reflected  in  the  character  of  the  growth  which  they 
afford.  Occasionally,  however,  an  animal  will  eat  so  much  more 
of  a  food  relatively  inferior,  from  a  chemical  standpoint,  that  the 
absoliUe  intake  of  the  preferable  protein  will  be  comparatively 
large  despite  its  relative  paucity,  i.e.,  low  percentage  content,  in 
the  food  mixture. 

It  was  pointed  out  in  an  earlier  paper'  that  no  strict  compari- 
son can  be  made  between  the  different  proteins  unless  the  total 
calorie  intake,  the  absolute  amount  of  protein  eaten,  the  quanti- 
ties of  inorganic  salts,  and  amount  of  "food  accessories"  are  uni- 
form.   Strict  comparisons  of  the  nutritive  value  of  proteins  in 

•  Osborne  and  Mendel,  /.  Biol.  Ckem.,  1916,  xxvi,  293. 
'  Osborne  and  Mendel,  J.  Biol.  Chem.,  1916,  xxvi,  1. 
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growth  will  therefore  only  be  trustworthy  when  the  experiments 
are  comparable  with  respect  to  the  total  amount  of  such  a  food 
eaten  during  a  definite  period  of  time. 

E)xperimentB  with  carefully  limited  daily  feeding  in  the  manner 
described  in  the  earlier  paper  are  exceedingly  laborious.  We  have 
therefore  conducted  many  further  trials  in  which  the  food  mix- 
tures containing  unlike  combinations  of  different  proteins  were 
offered  ad  lUntum  to  rats.  The  proteins  and  protein  concentrates 
used  in  these  experiments  are  as  follows: 

1.  Casein. — Prepared  in  this  laboratory  by  precipitation  from 
separator  milk  with  hydrochloric  acid,  and  subsequently  purified 
by  several  reprccipitations  and  extractions  with  alcohol. 

g.  LactaR>umin.-Prepared  in  this  laboratory  by  heat  coagula- 
tion  of  the  filtrate  from  the  casein  precipitate. 

S.  Edestin. — Prepared  in  thia  laboratory  by  extraction  of  ground 
hemp  seed  with  sodium  chloride  and  repeated  solution  and  pre- 
cipitation by  dilution  and  cooling. 

4.  C(AUmaeed  Protein. — Prepared  in  this  laboratory'  by  extrac- 
tion of  cottonseed  flour  with  sodium  hydroxide  and  precipitation 
by  neutralization. 

5.  Com  Gluten. — Prepared  for  us  by  the  Com  Products  Refin- 
ing Co.'  Nitrogen  content  =  6.4  per  cent  (N  X  6.25  =  40.0 
per  cent  protein). 

6.  " Milkalbumin." — A  commercial  product  containing  8.5  per 
cent  of  nitrogen  (N  X  6.38  =  54.2  per  cent  of  protein)  and  23.8 
per  cent  of  ash. 

7.  CoUomeed  Flour. — From  the  Schulenburg  Oil  Mills,  Schulen- 
burg,  Texas.  Nitrogen  content  =8.1  per  cent  (N  X  5.4  =  43.7 
per  cent  protein). 

8.  Soj/Bennflour.— FromtheCereoCo.,  Tappan,  N.  Y.  Nitro- 
gen content  =  8,05  per  cent  (N  X  5.88  =  47.3  per  cent  protein). 

9.  Beef  Tissue  .—Prepared  in  this  laboratory  by  drying  the  resi- 
due remaining  after  thoroughly  extracting  fresh  chopped  beef 
with  water.  Nitrogen  content  =  14,3  per  cent  (N  X  6.25  = 
89.4  per  cent  protein). 

10.  Fish  Meat  Meal. — A  commercial  product  made  from  her- 
ring and  obtained  from  the  United  States  Department  of  Agri- 
culture. Nitrogen  content  =  9.68  per  cent  (N  X  6.25  =  60.5 
per  cent  protein). 
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//.  Com  Oil  Cake. — A  preparation  of  com  germs  obtained  from 
a  distillery  in  Peoria,  HI.  Nitrogen  content  =  2.8  per  cent  (N 
X  6.25  =  17.5  per  cent  protein). 

12/  "  Vegetable  Albumin  Flour.*' — ^A  product  rich  in  gliadin,  ob- 
tained from  Arthinr  S.  Hoyt  Co.,  New  York,  and  presiunably  con- 
sisting of  the  residues  from  the  manufacture  of  wheat  starch.  Ni- 
trogen content  =  13.1  per  cent  (N  X  5.7  =  74.7  per  cent  protein). 

13.  Brewers'  Grains. — From  a  brewery  in  Milwaukee.  Nitro- 
gen content  =  7.2  per  cent  (N  X  6.25  =  45.0  per  cent  protein). 

14'  Pea  Meal. — Prepared  in  this  laboratory  by  grinding  dry 
peas  to  a  fine  powder.  Nitrogen  content  =  4.5  per  cent  (N  X 
5.88  =  26.5  per  cent  protein). 

15.  Peanut  Meal. — ^A  preparation  of  ground  peanuts  from  which 
the  oil  had  been  expressed,  obtained  from  the  United  States  De- 
partment of  Agricultinre.  Nitrogen  content  =  6.6  per  cent  (N 
X  5.88  =  38.8  per  cent  protein). 

16.  Distillers'  Grains. — From  a  distillery  in  Peoria,  111.  Nitro- 
gen content  =  4.7  per  cent  (N  X  6.25  =  29.4  per  cent  protein). 

The  gains  in  weight,  which  we  have  used  as  the  most  suitable 
index  of  growth,  show  wide  variations  for  the  different  protein 
mixtures.  As  an  illustration  we  may  cite  the  following  data,  from 
substantially  all  of  our  numerous  protocols,  to  indicate  the  growth 
of  male  albino  rats  in  42  days  from  an  initial  body  weight  of  60 
gm.  (corresponding  to  about  44  days  of  age).  The  food  mixtures 
in  all  of  the  trials  reported  in  this  paper  had  approximately  the 
following  composition,  unless  otherwise  indicated: 

per  cent 

Protein 16 

"Protein-free  milk" .' 28 

Starch 28 

Butter  fat 18 

Lard 10 

Although  the  general  trend  of  these  results  points  to  marked 
differences  in  the  capacity  of  different  proteins  to  supplement  this 
preparation  of  corn  gluten  for  the  uses  of  growth,  the  figures  are 
too  variable  and  ill' defined  to  permit  tenable  generalizations  un- 
less the  conclusions  are  compiled  from  large  statistical  material. 
The  wide  variations  with  the  same  rations  are  usually  due,  as  could 
easily  be  demonstrated  from  our  records  of  the  food  intake,  to 
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TABLE  I. 


Showing  Gains  of  Body  Weight  in  4t  Days  From  an  Initial  Body  Weight  of 

60  Gm.  on  Otherwise  Comparable  Com  Gluten  Food  Mixtures 
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TABLE  l—CorUxnued. 


Conoantimtion  of  the  proteioa  in  the  food. 
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TABLE  i—Coacluded. 
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the  unlike  food  consumption  of  individual  animals.  In  a  general 
way  it  is  neverthelRRS  apparent  that  among  the  proteins  studied 
small  addenda  of  lactaibtuuin  far  surpass  in  their  supplementing 
efficiency  decidedly  larger  proportions  of  other  proteins  or  high 
protein  feeds  tested.  Characteristic  examples  of  supplementary 
inadequacy,  on  the  other  hand,  are  demonstrated  by  the  Bmall 
gains  produced  by  large  replacementB  with  "vegetable  albumin 
flour"  (consisting  largely  of  gliadin)  or  brewers'  grains  (consistiiig 
largely  of  residues  of  corn  and  barley  proteins).  Our  specimens 
of  distillers'  grains  (largely  composed  of  corn  protein)  have 
shown  no  superiority  whatever  over  the  corn  gluten  itself,  for  the 
nutrition  during  growth. 

For  purposes  of  more  strict  comparison,  therefore,  we  have  se- 
lected from  our  numerous  experiments  those  records  in  which  the 
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food  intakes  during  a  given  length  of  time  were  fairly  uniform. 
According  to  our  curve  of  normal  growth  a  male  rat  weighing  60 
gm.  should  gain  50  gm.  in  about  3  weeks.  From  the  food  intake 
data  of  a  number  of  rats  which  have  made  this  amount  of  growth 
in  the  specified  time  it  appears  that  they  required,  on  an  average, 
150  ^.  of  our  foods.  Taking  this  figure  as  a  standard  for  the 
3  weeks'  gain  indicated,  and  eliminating  records  in  which  the  food 
intake  showed  a  deviation  of  more  than  =*=  10  per  cent,  we  obtain 
the  data  give  in  Table  II. 

On  a  k««  adequate  protein  mixture  of  the  same  calorific  value  a 
60  gm.  rat  may  require  6,  9,  or  even  12  weeks  to  gain  50  gm.  in 
weight.  From  accumulated  data  concerning  the  food  intake  of 
growing  rats  we  have  estimated  that  the  approximate  amounts 
of  food  necessary  to  make  these  slower  gains  referred  to  are  about 
260,  385,  and  500  gm.  of  food  respectively.  Tables  III,  IV,  and 
V  show  the  gains  in  weight  of  rats  for  which  the  food  intake  varied 
not  more  than  =±=10  per  cent  from  these  average  figures.  In  a 
few  protocols  in  these  tables  figures  for  food  intake  showing  a  devi- 
ation of  somewhat  more  than  =±=  10  per  cent  from  the  accepted 
standard  have  been  introduced.  Although  they  are  not  so  strictly 
comparable  with  the  rest  of  the  records  here  published,  they 
nevertheless  have  a  comparative  significance  in  that  they  repre- 
sent either  a  gain,  normal  for  the  particular  group  under  discus- 
sioD,  on  a  decidedly  smaller  food  intake,  or  a  failure  to  make  the 
expected  gain  even  when  decidedly  larger  quantities  of  food  were 
consumed. 

An  inspection  of  these  tables  shows  that  lactalbimiin  is  by  far 
the  most  efficient  supplement  to  corn  gluten  of  any  that  we  have 
tried.  When  as  little  as  one-quarter  of  the  corn  gluten  is  re- 
placed by  lactalbumin  a  rat  is  able  to  make  growth  at  a  perfectly 
normal  rate.  (Table  II.)  The  only  other  supplements  among 
those  mentioned  which  are  equally  efficient  in  small  replacements 
are  the  commercial  "milkalbumin"  and  the  soy  bean  flour — ^both 
effective  in  proportions  of  approximately  two-thirds  corn  gluten 
to  one-third  of  the  better  protein.  When  even  about  one-half  of 
the  protein  is  furnished  as  casein  or  edestin  the  otherwise  similar 
food  mixtm^e  is  incapable  of  promoting  normal  growth,  with  food 
'  intakes  of  this  standard  magnitude. 
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Orowth  ofeOGm.RaU  in  9  W«ekt.    The  Total  Food  Intake  in  AU  Tkw 
TriaU  Wm  CompariAU  and  Ranged  Approximately  from  ISS  to 
les  Gm.  USO  *  10  Per  Cent). 

Experiment!  with  rationa  containing  approximately  16  per  cent  of  protein. 


UMdiDtbefood 

^S" 

Rat. 

Total  food 

intake. 

B- 

Com  gluten 

Lactalbiimin — 

11]-- 
11]-' 

18.1 
14.9 

IKicf 

1445c? 
1432^ 

21110' 
2I09cf 
21089 

3455.:'' 
3467(^ 

sagscf 

3268d' 
3H0cf 

1353  8 

2775c? 
2676  (f 

167 

150 
ISQ 

158 
141 
14S 

156 
152 

151 

149 

159 

153 
148 

148 

56 
54 

,1 

49 

49 

45 

40 

51 

46 

62 

48 

49 

41 

ar 

"Vegetable  albumin  flour".... 

36 

*  In  all  casea  where  tbe  expected  gain  of  45 
oent)  in  body  weight  failed  to  be  made,  the 
fftoed  type. 


to  55  gm.  (50  gm.  ^ 
figures  are  printed  ii 
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TABLE  U-^oncluded. 


Experiments  with  rations  containing  less  than  15  per  cent  of  protein. 


Protein  oonoentntes  and  proteins 
used  in  the  food. 


Edestin. 


Casein. 


"Milkalbumin*' 


« 


Lactalbumin. 


Com  oil  cake. 


Cottonseed  flour. 


Edestin. 


Casein. 


Com  gluten. 
Lactalbumin. 

Lactalbumin. 


Concentration 

of  protein 

in  food. 


per  cent 
14.0 

10.8 


9.6 


Lactalbvunin. 


Lactalbumin. 


5.2 
2.5 


9.1 


9.1 


9.0 


8.4 


8.1 


7.7 


7.4 


6.6 


5  0 


Rat. 


2507d^ 

2623  d^ 
2630cf 

2722  cf' 
2716d^ 

2474^* 

2929  (^ 

3368  cf 

2609 cT 

2595cf' 

2270cf' 

21l5cr 

2625c?' 
2631  d^ 

2606  cf 


Total  food 
intake. 


gm. 

139 

156 
167 

145 
142 

144 

168 

140 

156 

138 

168 

135 

182 
166 

157 


Body 

weight 

gained.* 


83 

51 

58 

41 
32 

52 

39 

35 

28 

22 

32 

30 

45 
40 

21 


In  the  experiments  involving  less  rapid  gain  in  weight  (Table 
III)  the  relative  superiority  of  lactalbumin  is  again  demon- 
strated; for  no  other  protein  among  those  already  tested  by  addi- 
tion to  com  gluten  in  equally  small  proportion  produced  a  gain 
of  50  gm.  in  6  weeks. 

The  growth  of  Rat  3331  in  Table  III  demonstrates  the  differ- 
ence in  nutritive  value  between  the  proteins  of  the  embryo  and 
those  of  the  endosperm  in  the  com  kernel;  for  when  about  one- 
fourth  of  the  protein  was  furnished  in  the  form  of  the  *'corn  oil 
cake"  the  rat  was  able  to  make  twice  as  much  gain  in  6  weeks  as 
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TABLE  IIL 

Growth  of  60  Gm.  Rats  in  6  Wetki.     The  Total  Food  Intake  in  All  TluM 

Trials  Wat  ComparabU  and  Banged  Approximatelj/  from  iS5  to 

tSS  Gm.  I$e0  dm.  *  10  Per  Cent). 

Experiments  with  rations  containing  approximately  16  per  cent  of  protein. 


Com  gluten 

Lactalbumin 

Com  gluten 

Laptalbumin 

Com  gluten 

Lactalbumin 

Com  gluten 

Com  gluten 

Beef  tissue 

Com  gluten 

"Milkalbumin"  .. 

Com  gluten 

Caaein 

Com  gluten 

Cottonseed  flour. 

Corn  gluten 

Com  oil  cake. .  .  . 

Com  gluten 

Beef  tissue 


'?:2}'" 


32819 
3276d' 


3527  cf 
332*0' 


2045cr 
2032d' 


3367  cT 
3360  cf 
3429  d" 
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TABLE  III— Continued. 


Protein  oonoentmtes  and  proteins 
used  in  the  food. 


Concentration 

of  protein  in 

food. 


Rat. 


Total  food 
intake. 


Body 

weight 

gained.* 


Com  gluten 

Cottonseed  protein. 


« 


Corn  gluten. 
Edestin 


Com  gluten. 
Beef  tissue. . 


« 


Com  gluten 

Cottonseed  flour. 


« 


Com  gluten 

Brewers'  grains. 


Com  gluten 

Cottonseed  protein. 


u 


Com  gluten 

Cottonseed  protein. 


Com  gluten. 
Edestin 


Com  gluten. 
Pea  meal 


Com  gluten 

"Vegetable  albumin  flour'V 

Brewers'  grains 


(4 


"Vegetable  albumin  flour" 


« 


« 


per  cent 

11.7 


3.6 


11.7 
4.2 


10.4 
5.4 


10.1 
6.0 


10.4 
5.9 

10.41 

4.8/ 


7.8 

7  2 

7.8' 

8  4 

7.8' 
7.9^ 

7.6' 
7.5 


15.3 


15.9 


15.8 


16.1 


16.3 


15.2 


15.0 


16.2 


15.7 


15.1 


18.1 


14.9 


gm. 

3390(^ 

309 

33940^ 

330 

3296cf 

289 

3391  c^ 

270^ 

3399 c^ 

245 

3290d^ 

255 

3314cf 

267 

28159 

245 

3393  cf 

240^ 

3394 cT 

295=*= 

3576  d^ 

268 

3286  cT 

242 

3486cf 

279 

3263  9 

237 

2791  cf 

277 

2787  cf 

270 

2769 cf 

283 

2764cf 

266 

2715d^ 

261 

gm, 

48 
48 

41 

59 
52 

46 
46 

31 

89 
44 

54 
48 
53 

26 

58 
54 

40 
38 
38 
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TABLE  Ul-CowcZuded. 


Experiments  with  rations  containing  less  than  15  per  cent  of  protein. 


Protein  coooentratee  and  proteins 
used  in  food. 


Edestin. 
Casein.. 


« 
« 


Lactalbumin. 


Lactalbumin 


Com  oil  cake. 


Cottonseed  flour. 


Soy  bean  flour. 


tt 


Edestin 
« 


Casein. 
« 


Lactalbumin. 


« 


Beef  tissue. 


"Vegetable  albumin  flour' V 


Lactalbumin. 
« 


Lactalbumin. 


Concentration 

of  protein  in 

food. 


Rat. 


Total  food 
intake. 


per  etnt 

11.2 

2176d^ 

2829cf' 

10.8 

2117d^ 

2830  d" 

2828(^ 

2831  cf 

9.91 

27860^ 

2782d^ 

2772  d^ 

9.1 

2478cf 

2931  cf 

9.1 

2937  cf 

9.0 

3350cf 

9.0       3401cf' 
3404  cf 


8.4 

8.1 

8.0 

8.0 
7.5 
7.4 

5.0 


2598  <f 
2110d^ 

2595cf 
2051  c^ 

3192  cf 
3194  cf' 

2914cf 

2811  d^ 

2210  <f 
2207 cT 

2596  d^ 


gn. 

247 
238 

249 
242 
240 
248 

226 
233 
238 

257 
284 

289 

288 

276 
268 

266 
240 

278 
24Q 

252 
238 

282 

297 

282 
276 

285 


Body 

wei^t 

gained.* 


gm. 

46 
45 

58 
54 
52 
43 

58 
52 
49 

54 
63 

45 

57 

48 
42 

87 
85 

40 
88 

55 
54 

51 

84 

62 
48 

44 


*  In  all  cases  where  the  expected  gain  of  45  to  55  gm.  (50  gm.  =*=  10  pc' 
cent)  in  body  weight  failed  to  be  made,  the  figures  are  printed  in  boW- 
faced  type. 
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TABLE  IV. 

Growth  of  60  Gtn.  Rats  in  9  Weeks.    The  Total  Food  Intake  in  All  These 

Trials  Was  Comparable  and  Ranged  Approximately  from  S46  to 

4iS5  Gm.  (S8S  Gm.  ±  10  Per  Cent). 

Experiments  with  rations  containing  approximately  16  per  cent  of  protein. 


Protein  ooncentrBtee  and  proteins 
used  in  the  food. 


Concentration 

of  protein 

in  food. 


Rat. 


Total  food 
intake. 


Body 

weight 

gained.* 


Com  gluten 

Lactalbmnin 

Com  gluten 

Casein 

Com  gluten 

Beef  tissue 

Com  gluten 

Cottonseed  flour , 

Com  gluten 

Soy  bean  flour 

« 

• 
Com  gluten 

Beef  tissue 

It 

Com  gluten 

Brewers'  grains 

Com  gluten 

Cottonseed  protein 

Com  gluten 

Edestin 

"Vegetable  albumin  flour'' 


13.0 
1.9. 

13.0' 
2.7 


12.2 
3.2^ 

12.5' 
3.6, 

11.4' 
4.5 


11.7 
4.0 


7.6\ 
9.1J 

7.8 
7.2 


7.8^ 
8.4 


ent 

14.9 

3425(^ 

15.7 

3517cr 

3575cr 

• 

15.4 

3324cf 

16.1 

3522  d^ 

15.9 

3443  d^ 

3458(^ 

15.7 

3405d^ 

3323  (^ 

3325d^ 

16.7 

3332cr 

15.0 

3518  cf 

16.2 


14.9 


3438  cT 


2715c^ 


on. 

362 

387= 
.395= 

380 

353 

369 
348 

374= 

350 
406 

362= 

344 

323 
390 


gm. 

89 

61 
50 

55 

48 

65 
50 

64 

60 
60 

46 

48 

46 
48 
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TABLE  lV~C<meluded. 


Experiments  with  lutions  con 

taining  less  than  15  per  cent  of  protein. 

'""""SSIKEra-""'" 

inCood. 

Rat. 

ToUirood 

pTMnt 
14.0 

13.3 

11.2 

8.0 

8.1 
7.5 

7.4 

6.1 

5,6 
5.4 

3.7 
2.1 

SSlld- 

2801^" 

2120d' 
2170d" 

3212d" 
3210d' 

2051d- 

2811d" 
2813d" 

2123d' 

3420d" 
3415d" 

2608d" 
2«16d" 

2509d" 

24860' 
2487d' 

2044cr 
20499 

22CBd" 

400 

411 

354 
399 

385 
385 

364 

486 
442 

318 

422 
402 

469 
427 

385 

422 
440 

350 
386 

367 

51 

Edestin.... 

M 

72 

Kdestiu  .. 

51 

48 

Casein,... 

45 

"Vegetable  albumin  flour" 

4S 
34 

70 

60 

44 

33 

*  In  all  cases  where  the  expected  gain  of  i 
cent)  in  body  weight  failed  to  be  made,  the 
faced  type. 


45  to  55  gm.  (50  gni.  ='  lOper 
figures  are  printed  in  bold- 


TABLE  V. 

Growth  of  60  Gm.  RaU  in  IS  Weeks.    The  Total  Food  Intake  in  All  These 
Trials  Was  Comparable  and  Ranged  from  Approximaiely  iBO  to 

660  Gm,  (600  Gm.  =*=  10  Per  Cent). 

Experiments  with  rations  containing  approximately  16  per  cent  of  protein. 


Proteta  ooncentimtM  and  proteins 
uaod  in  the  food. 


Concentration 

of  protein  in 

food. 


Rat. 

Total  food 
intake. 

ffn. 

1350(^ 

492 

1347(^ 

476 

3428cf 

399 

3340cf 

433 

3292cf 

468 

3289cf 

510 

3435cf 

450:^ 

3332(^ 

480  =t 

3417cf 

449 

Body 

weight 

gained.* 


CJom  gluten. 


it 


Com  gluten. 
Lactalbmnin. 


K 


Com  gluten. 
Casein 


Com  gluten. 
Edestin 


Com  gluten 

Cottonseed  flour. 

Com  gluten 

Brewers*  grains. . 


Com  gluten 

"Vegetable  albimiin  flour" 


P€r  cent 

15.3 


13.0)  ,4 
1.9/ 


9 


11. 7\ 
4.1/ 

11. 7\ 

4.2/ 


15.8 


15.9 


11.4 
4.4 


15.8 


i\}  «• 


5.4 
10.5 


15.9 


gm. 

48 
84 


47 
48 

50 
53 
49 
58 
50 


Experiments  with  rations  containing  less  than  15  per  cent  of  protein, 


Edestin. 
Casein.. 


Edestm. 


Lactalbumin. 


« 


Lactalbumin. 
Lactalbumin. 


8.4 

21109 

494 

5.4 

2509cf 

550 

4.2 

21149 

485 

3.7 

2044d^ 

479 

20499 

509 

2.1. 

2203  d^ 

499 

1.9 

2180d^ 

450 

62 

50 

33 

55 
50 

29 

-8 


*  In  all  cases  where  the  expected  gain  of  45  to  55  gm.  (50  gm.  ^  10  per 
e€nt)  in  body  weight  failed  to  be  made,  the  figures  are  printed  in  bold-faced 
type. 
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when  all  of  the  protein  came  from  the  endospeHn.  (Rats  1350 
and  1347,  Table  I.)  McCollum*  has  demonstrated  a  similarly 
high  efficiency  in  promoting  growth  for  the  proteins  of  the  wheat 
embryo. 

These  statistics  also  demonstrate  the  pronounced  efficiency  of 
the  proteins  of  both  the  cottonseed  and  the  soy  bean  as  supple- 
ments to  com  gluten,  compared  with  the  relative  inefficiency  of 
the  proteins  in  brewers'  grains,  and  "vegetable  albumin  flour;" 
for  the  replacement  of  about  one-fifth  or  one-fourth  of  the  com 
gluten  protein  with  the  protein  of  the  cottonseed  flour  or  soy  bean 
flour  respectively  enables  a  rat  to  make  more  rapid  growth  than 
substitutions  of  one-half  or  even  two-thirds  of  the  total  protein 
by  the  proteins  of  brewers'  grains  and  "vegetable  albumin  flour." 
(Tables  IV  and  V.) 

That  the  small  addenda  of  these  "better"  proteins  actually 
supplement  the  corn  gluten,  instead  of  themselves  furnishing  all  of 
the  protein  available  for  growth,  is  shown  by  a  comparison  of  the 
growth  of  rats  on  mixtures  containing  small  amoimts  of  these 
proteins  with  that  of  rats  on  equivalent  or  even  larger  quantities 
of  the  same  proteins  alone,  i.e.,  without  com  gluten.  Thus  Rat 
3330  (Table  III)  on  a  mixture  of  seven-eighths  com  gluten  and 
one-eighth  lactalbumin  gained  49  gm.  in  6  weeks,  whereas  Rat 
2203  (Table  V)  on  a  calorifically  comparable  food  containing  prac- 
tically the  same  amoimt  of  lactalbumin  alone — ^2.1  per  cent- 
gained  only  29  gm.  in  12  weeks.  Fiu'thermore,  Rat  3527  (Table 
III)  on  a  mixture  of  about  five-sixths  corn  ghiten  and  one-sixth 
casein  gained  51  gm.  in  6  weeks,  while  Rat  2595  on  a  food  con- 
taining 8.1  per  cent  of  casein  (three  times  as  much  of  this  protein 
as  Rat  3527  had)  gained  only  40  gm.  in  the  same  time,  the  total 
food  intakes  of  the  two  rats  being  almost  identical. 

A  careful  study  of  the  tables  presented  will  show  numerous 
other  instances  of  the  efficiency  of  combinations  of  proteins  in 
proportions  in  which  either  one  alone  fails  to  produce  compar- 
able growth.  A  few  of  these  contrasts  are  selected  for  direct 
comparison. 

Since  the  non-protein  components  of  the  ration  used  when 
mixed  with  suitable  protein  have  been  proved  adequate  for  the 

•  McCoUum,  E.  V.,  Simmonds,  N.,  and  PiU,  W.,  /.  Biol,  Chem.,  1916, 
XXV,  105. 
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TABLE  VI. 


Rat 


1424^* 

2044cf 

3527cf 

2509cf 

3289cf 

21149 

3290cf 

3522c^ 

3420cf 

3465^' 

3443^* 

3401  (^ 

3331 cf 

3410c^ 


Proteiii  ooDoentntee  and  proteinB  oaed 
in  the  food. 


Com  gluten 

Laotalbumin 

Laotalbumin 

Com  gluten 

Casein 

Casein 

Com  gluten 

Edestin 

Edestin 

Com  gluten 

Cottonseed  flour 

Com  gluten 

Cottonseed  flour 
Cottonseed  flour 

Com  gluten 

Soy  bean  flour. . 

Com  gluten 

Soy  bean  flour. . 
Soy  bean  flour. . 

Com  gluten 

Com  oil  cake. . . 
Com  oil  cake. . . 


Concentra- 
tion of  pro- 
tein in  food. 


ptreeni 

II  A\ 

3.7/ 
3.7 


13 
2 
5.4 


;?} 


11.7 
4.2 

10. l\ 
6.0/ 

12. 5\ 
3.6/ 
6.0 


10 

6 

12 


4.6/ 
9.0 

11.2'! 
4.5/ 
4.5 


Body 
weight 
gained. 


ffffi, 

56 
55 

51 
50 

53 
33 

46 

48 
50 

51 

38 
48 

49 
10 


Time. 


wk*. 

3 

12 

6 
12 

12 
12 

6 

9 
9 


6 
6 

6 
6 


growth  of  rats,  any  nutritive  deficiency  in  the  diets  under  discus^ 
sion  may  be  referred  to  the  amino-acid  make-up  of  the  proteins 
employed.  Previous  experiments  have  shown  that  the  ineflBciency 
of  zein  which  forms  31.3  per  cent  of  the  protein  of  com  gluten  is 
due  to  a  lack  of  lysine  and  tryptophane  among  its  products  of 
hydroljrsis.*  That  the  inefficiency  of  corn  gluten  is  also  due 
to  this  cause  is  demonstrated  by  recent  experiments  not  heretofore 
published  (Chart  I).  The  addition  of  either  amino-acid  by  itself 
failed  to  promote  any  noticeable  increase  in  the  rate  of  growth. 
Bearing  this  fact  in  mind,  it  is  easy  to  understand  why  the  brew- 
ers' and  distillers'  grains  and  the  ''vegetable  albumin  flour"  have 
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proved  such  inadequate  supplements  to  corn  gluten.  The  brew- 
ers' and  distillers'  grains,  consisting,  as  they  do,  very  largely  of 
corn  proteins,  are  unable  materially  to  increase  the  content  of 
tryptophane  and  lysine  in  the  food.  The  superiority  of  the 
brewers'  grains  as  compared  with  the  brand  of  distillers'  grains 
used  by  us  is  presumably  due  to  the  presence  of  the  barley  pro- 
teins and  perhaps  the  proteins  of  the  grain  embryo  which  furnish 
some  addition  of  these  essential  amino-acids.  The  "vegetable 
albumin  flour,"  because  of  its  large  content  of  gliadin  which  \s 
low  in  lysine,'  is  unable  to  supplement  corn  gluten  effectively; 
for  no  matter  how  rich  in  tryptophane  the  food  may  be,  unless  a 
certain  minimimi  amount  of  lysine  is  present,  growth  at  a  nor- 
mal rate  cannot  take  place.'"  The  "law  of  minimum"  for  amino- 
acids  is  thus  seen  to  determine,  to  a  large  extent  at  least,  the  rela- 
tive value  of  different  proteins  and  protein  concentrates  when 
used  to  supplement  core  gluten. 

If  the  problem  is  considered  from  a  purely  practical  stand- 
point it  is  obvious  that  the  more  rapid  gains  may  be  the  cheaper 
in  the  end,  even  though  the  food  used  is  more  expensive  than  that 
which  is  capable  of  inducing  only  slow  growth;  for  by  rapid  growth 
the  cost  of  maintenance  is  greatly  diminished.  For  example,  Rat 
1424  which  required  157  gm.  of  food  to  grow  56  gm.  in  3  weeka 
made  a  much  cheaper  gain  than  Kat  3332  which  required  480 
gm.  of  food  to  grow  58  gm.  in  1$  weeks.  Moreover,  a  small 
amount  of  one  protein  may  be  just  as  efficient  for  growth  as  a 
larger  amount  of  another  protein  or  even  sometimes  more  effi- 
cient.    A  few  illustrative  examples  of  this  are  given  below. 

Inasmuch  as  protein  ia  ordinarily  the  most  expensive  compon- 
ent of  a  ration,  the  essence  of  economical  feeding  of  growing  ani- 
mals consists  in  the  selection  of  those  proteins  which  induce  the 
maximum  amount  of  gain  per  gram  of  protein  ingested,  provided 
that  the  other  necessities  of  the  diet  are  furnished  in  suitable 
amounts.  The  findings  recorded  in  the  present  series  of  experi- 
ments apply  solely  to  relative  values  of  the  protein  factors  in  the 

'  Gliadin  containn  approximately  0.92  per  cent  lysine;  aeo  OBbome,  T. 
B.,  Van  Slyke,  D.  D.,  Leavenworth,  C.  S.,  and  Vinograd,  M.,  J.  Biol. 
Chem.,  1915.  xxii,  259. 

"Oabonie  and  Mendel,  J.  Biol.  Chem..  1916.  xxv,  I. 
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TABLE  VII. 

A  Comparison  of  the  Relative  Efficiency  of  Small  Amounts  of  Some  Proteins 

tnth  Larger  Amounts  of  Other  Proteins  in  Promoting  Growth. 


lUt. 


2276cr 
3417cf 

3350(f 
2791  cf 

2110cf 
1350(> 

3420<f 
2801  cf 

24860^ 

2811d^ 

2596^* 
2769<f 

3401  d^ 
3486cf 


Protein  oonoentrates  and  proteinB 
u«d  in  the  food. 


Com  gluten 

Lactalbiimin ^ 

Com  gluten 

''Vegetable  albumin  flour*' 


Cottonseed  flour. 
Brewers'  grains. . 


Concentra* 
tion  of  pro- 
tein in  food. 


Edestin 

Com  gluten. 


Cottonseed  flour. 
Brewers'  grains. . 


Com  gluten 

Lactalbumin 

"Vegetable  albumin  flour" 

Lactalbumin 

"Vegetable  albiunin  flour" 

Soy  bean  flour 

Com  gluten 

Pea  meal 


per  ceni 

5.2 

2.5 

5.4 

10.5 


7.7 


15.9 


3.5 
1.7 


7.8 
7.9 


9.0 
18.1 

8.4 
15.3 


6.1 
13.3 

5.2 
7.5 

5.0 
14.9 

9.0 
15.7 


Total  intake. 


Food. 


gm. 
304 

449 

288 
277 

494 
492 

422 
411 

422 
486 

285 
283 

276 
279 


Protein. 


ffm. 
23.4 

70.9 

25.9 
50.1 

41.5 
75.2 

25.7 
54.6 

21.9 
36.4 

14.2 
42.2 

24.8 
43.8 


Bodv 
weight 
gained. 


Qtn. 
68 

50 

57 

58 

62 

48 

50 
51 

42 
43 

44 
40 

48 
53 


Time. 


tokt. 

6 
12 

6 
6 

12 
12 

9 
9 

9 
9 

6 
6 

6 
6 


feeds  used.  They  do  not  give  evidence  as  to  the  relative  value 
of  their  other  dietary  constituents. 

Another  suggestive  comparison  of  the  relative  merits  of  a  few 
^  commercial  protein  concentrates  as  supplements  to  corn  gluten  is 
furnished  by  the  records  of  two  comparable  periods  of  observa- 
tion on  the  same  rats  in  each  case,  tabulated  below. 

These  rats  were  changed  to  the  more  suitable  food  mixture 
containing  corn  gluten  with  soy  bean  or  cottonseed  flour,  after  a 
preliminary  period  on  corn  gluten  +  distillers'  grains  or  "vege- 
table albumin  flour."  On  the  former  foods  the  gains  were  dis- 
tinctly greater  than  on  the  latter,  with  approximately  the  same 
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Rat. 

}l 

i 

1 

P- 

^ 

mt. 

^. 

wf. 

32669 

Cora  gluten  7.6  +  distillers'  grains 
"           "                 cottonseed  flour 

8.0 
9.0 

-1 
+34 

155 
168 

32575 

"           "                 distillers'  grains 
"           "                 soy  bean  flour 

8.0 
9.0 

10 
23 

162 
138 

3263  9 

"           "                 "vegetable  albumin  flour' 

7.5 
9-0 

26 
33 

276 
268 

3264  9 

"           "                 "vegetable  albumin  flour' 
"           "                 soy  bean  flour 

7.5 
9.0 

17 
32 

246 
2*3 

food  intakes,  although  during  the  eecond  period  the  rata  had  be- 
come appreciably  larger  than  in  the  first  period,  and  might  reason- 
ably be  expected  to  require  more  food. 


SUMMARY, 

Data  regarding  the  growth  of  rats  are  presented  to  show  the 
relative  nutritive  values  of  a  number  of  proteins  and  protein 
"concentrates"  when  used  to  supplement  corn  gluten  in  an 
otherwise  adequate  ration.  The  products  studied  included  casein, 
lactalbumin,  edestin,  cottonseed  protein,  cottonseed  fiour,  soy 
bean  flour,  "milkalbumin,"  beef  tissue,  fish  meat  meal,  corn  oil 
cake,  "vegetable  albumin  flour,"  brewers'  grains,  distillers'  grains, 
pea  meal,  and  peanut  meal.  Such  food  mixtures  of  approximately 
the  same  nitrogen  and  calorific  content  vary  greatly  in  their  ef- 
ficiency for  promoting  growth,  in  accordance  with  both  the  char- 
acter and  the  proportion  of  the  protein  supplement  employed. 

The  efficiency  of  these  supplements  presumably  depends  essen- 
tially upon  their  relative  content  of  lysine  and  tryptophane;  for 
the  addition  of  these  amino-acids,  either  as  such,  or  in  the  form 
of  proteins  yielding  them,  renders  corn  gluten  suitable  for  growth. 

Of  the  various  proteins  employed  to  supplement  the  inefficient 
com  gluten,  lactalbmnin  is  by  far  the  most  effective.     Satis- 
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Subeequent 
periods. 


Chabt  I.  Showing  the  resumption  of  growth  when  the  amino-acids 
lysine  and  tryptophane  were  added  to  a  diet  containing  corn  gluten  as 
the  source  of  nitrogen.  Neither  of  these  amino-acids  alone  sufficed  to  in- 
duce an  increased  rate  of  growth  when  added  to  the  com  gluten  ration  de- 
ficient in  both  of  them.    The  foods  consisted  of: 

Preliminary 
stunting 
periods. 

per  cent 

Corn  gluten 25-38 

Amino-acids 0 

"Protein-free  milk" 28 

Starch 2-15 

Butter  fat 3-18 

Lard 14-29 


percerU 

38.00 
0.36-1.72 

28 
1.64-1.28 

18 

14 
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factory  growth  is  produced  with  smaller  quantities  of  this  pro- 
tein than  of  any  of  the  others  recorded.  The  samples  of  brewers' 
grains,  distillers'  grains,  and  "vegetable  albumin  flour"  usedwwe 
the  least  efficient  supplements  tested,  presumably  because  of 
their  low  content  of  lysine. 

It  id  evident  that  the  small  additions  of  the  more  efficient  pro- 
teins actually  suppleiTient  the  corn  gluten  instead  of  themselves 
furnishing  all  of  the  protein  used  for  growth,  because  equivalent 
amounts  of  these  proteins  alone  in  a  similar  ration  are  incapable 
of  inducing  a  comparable  degree  of  growth.  Small  amounts  of  a 
superior  protein  are  often  just  as  efficient  for  growth  as  larger 
amoimts  of  a  less  adequate  protein. 

The  plan  of  feeding  and  comparison  here  described  affords  a 
practical  method  of  studying  accurately  on  a  small  scale  the 
comparative  nutrient  value  of  the  nitrogenous  components  of 
commercial  feedingstuffs. 


CHOLESTEROL  IN  HUMAN  BLOOD  UNDER  PATHO- 

LOGICAL  CONDITIONS. 

By  W.  DENIS. 
{From  the  Ckemieal  Laboratory  of  the  Maeeachueetts  General  Hospital,  Boston.) 

(Received  for  publication,  December  20,  1916.) 

During  the  past  10  years  a  considerable  number  of  observa- 
tions have  been  published  concerning  the  cholesterol  contents  of 
the  blood  in  various  pathological  conditions.  A  hjrpercholes- 
terolemia  has  been  noted  in  nephritis,  diabetes,  lues,  pregnancy, 
cholelithiasis,  obstructive  jaundice,  obesity,  alcoholism,  star- 
vation, typhoid  fever,  many  skin  diseases,  in  malignant  disease, 
in  cachexias  of  various  origins,  and  after  narcosis.  Cholesterol 
has  been  found  in  subnormal  quantities  in  the  blood  of  persons 
suffering  from  anemia,  diseases  of  the  liver  (without  jaundice), 
in  certain  cases  of  nephritis,  in  many  acute  infections,  and  in  a 
variety  of  conditions  "where  the  vitality  is  low."^ 

The  number  and  variety  of  conditions  in  which  an  abnormal 
cholesterol  content  of  the  blood  is  reported  are  unconvincing,  the 
more  so  as  on  examination  of  the  literature  it  is  apparent  that 
the  analytical  methods  employed  by  some  of  the  frequently  quo  • 
ted  clinical  investigators  in  this  field  leave  much  to  be  desired. 
In  view  of  the  rapidly  increasing  importance  of  blood  analysis, 
both  to  the  biological  chemist  and  to  the  clinician,  it  has  seemed 
worth  while,  in  spite  of  the  relatively  large  niunber  of  papers  to 
be  found  in  the  Uterature  dealing  with  blood  cholesterol  in  path- 
ological conditions,  to  publish  the  following  series  of  observations 
m  which  determinations  of  cholesterol  have  been  made  on  the 
blood  of  persons  suffering  from  the  more  common  chronic  and 
acute  diseases. 

The  results  reported  have  in  every  case  been  obtained  by 
Bloor's  modification^  of  the  Autenrieth-Funk  colorimetric  method 

»Bloor,  W.  R.,  /.  Biol.  Chem.,  1916,  xxv,  577. 
» Bloor,  /.  Biol.  Chem.,  1916,  xxiv,  227. 
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a  procedure  which  has  been  selected  because  of  the  small  quan- 
tity of  blood  required,  the  relative  ease  of  manipulation,  and 
the  freedom  from  procedures  which  might  lead  to  decomposition 
of  cholesterol. 

Bloor^  has  published  a  series  of  cholesterol  figures  for  the  blood 
of  normal  men  and  women  as  determined  by  the  above  method. 
In  a  series  of  nine  normal  women  he  observed  a  maximum  blood 
cholesterol  of  0.240  per  cent  and  a  minimum  of  0.210  per  cent. 
In  a  series  of  fourteen  normal  men  the  maximimi  is  0.250  per 
cent,  the  minimum  0.190  per  cent.  These  figures  are  consider- 
ably higher  than  those  ordinarily  given  in  the  literature,  a  fact 
probably  due  to  the  more  complete  extraction  secured  by  the 
method  of  anal3rsis  employed. 

In  view  of  the  relatively  small  number  of  normal  bloods  ex- 
amined by  Bloor  it  has  seemed  worth  while  to  obtain  a  few  more 
figures  on  normal  persons.  The  bloods  used  in  this  series  were 
obtained  from  the  nurses  and  physicians  in  the  hospital,  all 
relatively  young  people,  and  from  a  few  middle  aged  and  old 
men  and  women  who  were  convalescents,  on  the  surgical  serv- 
ices, from  fractures  and  amputations. 

TABLE  1. 
Blood  Cholesterol  in  Normal  Persons, 


No. 

o6K. 

Cholesterol 

per  100  oc.  of 

blood. 

No. 

Sex. 

Cholesterol 

per  100  oe.  of 

blood. 

mg. 

mf. 

C235 

9 

167 

C255 

(^ 

255 

C236 

9 

179 

B140 

cf 

250 

B3 

9 

200 

B14d 

(^ 

198 

B4 

9 

194 

B19 

cf" 

240 

B5 

9 

225 

42 

cf" 

,      192 

B6 

9 

190 

45 

cf 

250 

C196 

d^ 

223 

46 

(^ 

^ 

C230 

& 

211 

59 

c^ 

208 

C229 

(^ 

210 

133 

cT 

223 

C251 

cf 

200 

136 

cT 

249 

From  this  series  it  is  apparent  that  cholesterol  values  on  nor- 
mal blood  may  vary  from  167  ta  255  mg.  per  100  cc.  of  blood,  a 
variation  somewhat  wider  than  that  given  by  Bloor. 
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In  connection  with  the  statements  to  be  found  in  the  literature 
regarding  the  hypercholesterolemia  found  in  the  obese,  it  is  in- 
teresting to  note  that  the  lowest  figure  in  Table  I  (167  mg.)  was 
obtained  on  the  blood  of  a  woman  weighing  200  pounds,  while 
the  next  lowest  figure  (179  mg.)  was  obtained  on  the  blood  of 
a  woman  weighing  260  pounds. 

Before  beginning  the  collections  of  blood  it  seemed  desirable 
to  determine  whether  the  ingestion  of  food,  particularly  food 
rich  in  Upoids,  has  any  inomediate  effect  on  the  cholesterol  con- 
tent of  the  blood. '  It  has  long  been  known  that  prolonged  cho- 
lesterol feeding  produces  in  animals  an  increase  in  the  cholesterol 
content  of  the  blood.'  No  statements  are,  however,  to  be  foimd 
in  the  Uterature  concerning  the  effect,  if  any,  produced  by  a  single 
lipoid-rich  meal. 

In  order  to  determine  this  point  three  men  were  selected  (con- 
valescent fracture  cases)  who  had  sufficiently  large  appetites  to 
eat  a  breakfast  consisting  of  four  eggs,  200  gm.  of  mutton  chop, 
50  gm.  of  bacon,  J  pint  of  cream,  bread,  butter,  and  coffee.  Blood 
was  taken  just  before  breakfast,  at  which  time  the  patients  had 
been  fasting  for  15  hours,  and  again  3  hours  after  the  meal. 

Cholesteiol  per  100  oc  of  blood.  mg. 

L.    Fasting 250 

3  hrs.  after  breakfast 250 

H.   Fasting 185 

3  hrs.  after  breakfast 181 

B.    Fasting 210 

3  hrs.  after  breakfast 212 

As  will  be  seen  from  the  above  results  the  ingestion  of  Upoid- 
rich  food  has  no  immediate  effect  on  the  cholesterol  content  of 
the  blood,  and  I  have  therefore  felt  justified  in  taking  my  samples 
of  blood  at  any  convenient  hour,  although  they  were  in  a  large 
majority  of  cases  taken  about  4  hours  after  the  midday  meal. 

Blood  Cholesterol  in  Nephritis. 

On  account  of  the  fundamental  part  in  the  formation  of  arterio- 
sclerotic lesions  which  has  been  ascribed  to  cholesterol  by  some 

*  Grigaut,  A.,  and  L'Huillier,  A.,  Compt.  rend.  Soc.  biol,,  1912,  Ixxiii, 
304.  Gardner,  J.  A.,  and  Lander,  P.  E.,  Biochem.  /.,  1913,  vii,  576.  Luden, 
0.,  /.  Biol,  Chem,,  1916.  xxvii,  273. 
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TABLE  II. 

Hlood  ChokiUrot  in  NephrilU 


An. 

*"■ 
i'i 
36 

3S 

I  I 


P«lN«.ol 

bloml- 

DiM»°*i>. 

Noo- 

pmuin 

1»L 

-f. 

t 

Chronifl  nephritis.    Hypertension. 

32 

250 

Uremia.         Died    10 

ilaj-s  latpr. 

69 

257 

Chronic  nephritis. 

43 

257 

Nephritis.    Acute  exacerbation  following 

inrt^tioa  of  hand.    Died  18  hrs.  after 

lilnwi  was  taken. 

187 

250 

Nephritis.    ll>-pertensioi».    Arieriosclero- 

»»*,    Much  edema. 

36 

238 

Nephritis.    H>-perlwiston.    Arteriosclero- 

sis, 

88 

213 

<.'hn>ni.-  nephritis,     Hi-perten»on.     Arte- 

ruv^^-KrvvM^     Kf'timtis.    Ptthaleia  tal 

a'  (HT  ci?ut  in  :;  hrs. 

31 

292 

•.■hrrHuv-  nct'hrisis,     Arteriil   walls   much 

th;,^«-,^l    ».-„l    vwy    UVtu.Hl*,      Retini- 

!■:*.       U>t'-«:eHs;,'o-       Pfc:iui!*iinesl  I* 
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TABLE  n—Contintted. 


cf 

(^ 

9 

& 

9 
cf 

c^ 
c^ 

9 
9 

52 
40 

16 

54 

23 
39 

45 

65 
53 

33 
62 

-    .      DiagDone.  . 

Per  100  00.  of 
blood. 

No. 

Non- 
protein 
nitn>- 

cen. 

Chola»- 
terol. 

226 

C254 

54 

126 

225 

118 
112 

113 

139 
130 

206 
56 

Chronic  nephritis.    Marked  arteriosclero- 
sis.   Slight  edema. 

Chronic  nephritis.    Phthalein  test  45  per 
cent  in  2  hrs. 

Chronic  nephritis.    Slight  arteriosclerosis. 
Phthalein  test  53  per  cent  in  2  hrs. 

Acute  nephritis.    Phthalein   test  14  per 
cent  in  2  hrs.    Much  edema. 

Chronic   nephritis.        Moderate    edema. 
Phthalein  test  25  per  cent  in  2  hrs. 

Chronic  nephritis.    Much  edema. 

"               "           Very    slight    edema. 
Moderate       arteriosclerotic       changes. 
Phthalein  test  5  per  cent  in  2  hrs. 

Chronic  nephritis.    Phthalein  te^t  40  per 
cent  in  2  hrs. 

Chronic  nephritis.    Moderate  edema. 
"               "           Chronic  phunbism. 
Marked  arteriosclerotic  changes. 

Chronic  nephritis.    Much  edema. 

"               "           Moderate  arterioscle- 
rotic changes. 

mg. 

81 
71 

37 

75 

71 
39 

125 

55 
45 

65 
36 

62 

mg. 

208 
216 
212 
208 
199 

166 

178 

178 
181 

169 
165 

146 

129 
140 

52 

Chronic  nephritis.    Moderate  edema. 
Same  patient  as  above  after  3  weeks'  treat- 
ment. 

76 
40 

206 
158 

44 

B82 
B99 
C304 

• 

23 
40 

Acute    nephritis.          Moderate    edema. 

Phthalein  test  15  per  cent  in  2  hrs. 
Same  patient  28  days  later. 

"       63    "         "       Phthalein 
test  50  per  cent  in  2  hrs. 

100 
50 
41 

38 

232 
192 
245 

225 

C221 
C231 

Chronic  nephritis.      Hypertension.      Al- 
buminuric  retinitis.    Phthalein   test  2 
per  cent  in  2  hrs. 

Same  patient  as  above  6  days  later.    Blood 
taken  while  in  uremic  convulsion.    Died 

in  36  hrs. 

■ 

111 
234 

181 
201 
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TABLE  n-Condttdtd. 


ea. 

Ate. 

DioDOii.. 

^-&- 

No. 

Nod- 
pTDtaa 
nitlo- 

1^ 

C248 
C260 
C266 
C307 

38 

mi&.    Phthftlein  teat  1  per  cent  in  2  hra. 

Same  patient  aa  above  i  daya  later;  grow- 
ing steadily  worse. 

Same  patient  6  days  later.    Died  24  hrs. 
after  this  blood  sample  was  taken. 

Same  patient,  blood  taken  1  hr.  before 
death. 

8» 
192 
2S6 
298 

I*- 
231 
190 
IH 
187 

C363 
C302 

20 

Acute  nephritis.    No  hypertension.    No 
arteriosclerotic  changes.      Albuminuric 
retinitis.    Phthalein  test  10  per  cent  in 
2  hrs.  Very  severe  edema. 

Same  patient  4  weeks  later.    No  improve- 
ment. 

42 
40 

475 
606 

Av.. 

Di.*..^ 

'-ffl'"' 

No. 

NOD- 

protoiD 
nitre- 

Cbolw 
UreL 

43 
55 

57 
58 

60 
61 
134 
137 

138 

HI 
152 

C222 

66 
48 
5fl 

56 

66 
55 
48 
67 

51 

68 
70 
58 

Chronic  nephritis.    Mitral  regurgitation. 

Cardiorenal  disease.    Marked  arteriosclerosis. 
Chronic  nephritis.     Mitral  stenosis  and  regur- 
gitation. 
Chronic  nephritis.     Chronic  endocarditis. 
Cardiorenal  disease. 

Marked  edema.     Arterial 
walls  palpable. 

Cardiorenal    disease.    Marked  edema.    Arter- 
ial   walls    show  slight  sclerosis.    Phthalein 
test  16  per  cent  in  2  hrs. 

Cardiorenal  disease. 

Chronic  nephritis.    Mitral  disease. 

Chronic  nephritis.    Mitral  regurgitation.    Ar- 
teriosclerosis.         Cardiac    hypertrophy. 
Phthalein  test  15  per  cent  in  2  hrs. 

50 

44 
48 

39 
41 
55 

65 

250 
181 
178 

203 
16S 
16C 
160 

178 

227 
200 
238 

174 
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TABLE  IV. 
Blood  Cholesterol  in  Cardiac  Dieease, 


Afe. 

Diagnoms. 

Per  100  oc.  of 
blood. 

No. 

Non- 
protein 
nitro- 

Chole*- 
terol. 

*r». 

ten. 

mg. 

mg. 

156 

Mitral  regurgitation.  Decompensation^ 

38 

279 

95 

Aortic  disease.  Marked  decompensation. 

37 

300 

97 

Mitral  stenosis.  Decompensation. 

37 

193 

98 

Mitral  regurgitation.     Decompensation.'    As- 

cites. 

37 

217 

99 
100 
101 

Chronic  endocarditis.    Decompensation. 

«                      u 

45 

250 

• 

It                    it 

176 

102 

Aortic  disease.  Decompensation. 

225 

72 

Mitral  stenosis  and  regurgitation. 

30 

186 

218 

«                         «                  €t                               « 

176 

C233 

65 

Aortic   and   mitral   disease.    Arteriosclerosis. 

Angina  pectoris. 

40 

268 

C252 

58 

Valvular  disease.    Decompensation. 

240 

C195 

50 

Mitral  regurgitation.  Decompensation. 

43 

22^ 

C171 

28 

Aortic  and  mitral  disease. 

141 

C288 

50 

Mitral  regurgitation.  Decompensation. 

38 

250 

writers,  much  attention  has  been  given  to  the  collection  of  quan- 
titative data  concerning  the  occurrence  of  this  body  in  nephritic 
blood. 

In  general,  the  opinion  has  been  that  a  hypercholesterolemia  oc- 
curs with  great  frequency  in  patients  with  chronic  Bright's  dis- 
ease, cardiorenal  disease,  arteriosclerosis,  and  related  conditions.^ 
According  to  these  investigators,  however,  this  hypercholesterole- 
mia is  not  a  retention  phenomenon,  as  shown  by  the  fact  that  in 
patients  showing  a  high  content  of  urea  in  the  blood,  the  cho- 
lesterol figures  tend  to  fall,  and  may  even  become  subnormal 
(Schmidt),  while  in  three  cases  it  was  noted  that  a  rise  in  the 
non-protein  nitrogen  of  the  blood  was  coincident  with  a  fall  in 
the  cholesterol  content  (Widal*). 

^Chauffard,  A.,  Laroche,  G.,  and  Grigaut,  A.,  Compt.  rend.  Soc.  bioL, 
1911,  Ixx,  108.  Widal,  F.,  Weill,  A.,  and  Laudat,  M.,  Semaine  mid.,  1912, 
xxxii,  529.  Schmidt,  H.  B.,  Arch.  Int.  Med.,  1914,  xiii,  127.  Henes,  E., 
IkuUch.  Arch.  klin.  Med.,  1913,  cxi,  122. 
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The  above  results  do  not  confirm  the  findings  of  the  earlier 
investigators  concerning  the  high  cholesterol  content  of  nephritic 
blood.  In  one  case  only  was  a  hypercholesterolemia  observed. 
It  should  be  pointed  out,  however/  that  these  patients  were  all 
on  a  "nephritic  diet"  containing  no  meat,  and  few  eggs  or  other 
foodstuffs  of  a  high  lipoid  content.  In  the  four  cases  in  which  & 
series  of  determinations  were  made  at  intervals  durii^  the  prep- 
ress of  the  disease  there  is  no  parallelism  to  be  noted  between 
the  non-protein  nitrogen  and  the  cholesterol  content  of  the  blood. 

Blood  Cholesterol  in  Syphilis. 

It  has  been  reported  that  blood  cholesterol  is  present  in  in- 
creased quantities  in  the  blood  of  syphilitics*  and  the  su^estion 
has  even  been  made  that  this  increased  hpoid  content  may  ac- 
coxmt  in  part  at  least  for  the  "Wassermann  reaction"  given  by 
luetic  sera.  On  the  other  hand.  Stein'  has  reported  the  choles- 
terol content  of  syphilitic  blood  to  be  normal  in  primary  eases 
and  low  in  secondary  infections. 

TABLE  V. 

Blood  ChoUiterot  in  Syphilis. 


CholBrtaol 

No. 

Sa. 

Afe. 

DiMOoi^ 

^iffir 

f- 

m,. 

150 

c? 

Gastric  eyphilis. 

250 

14 

(f 

Enlai^ed  liver.       Wasaermann  strongly 

poBitive. 

176 

C42 

<f 

Syphilis. 

ITS 

C43 

d' 

33 

Early  tertiary  lesion. 

135 

C248 

9 

22 

"       primary       " 

166 

C250 

9 

15 

Congenital  syphilis. 

.    170 

C252 

9 

16 

"                " 

250 

C220 

d" 

39 

Late  secondary  lesion. 

160 

C237 

■J' 

56 

Syphilis.     Peptic  ulcer. 

161 

C239 

& 

38 

Tabes.  Gastric  ulcer. 

238 

194 

9 

Syphilitic  ulcer  of  the  leg. 

167 

201 

9 

"           " 

23S 

C264 

d" 

Gastric  syphilis. 

226 

C237 

cT 

Syphilis  of  central  nervous  system. 

158 

•  Klein,  W.,  and  Dinkin,  L.,  Z.  physiot.  Chem.,  1914,  j 
'  Stein,  G.,  Z.  ge».  exp.  Med.,  1914,  iii.  309. 
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In  the  fourteen  specimens  of  luetic  blood  examined  no  increase 
was  observed  in  apy  case,  in  fact  many  gave  extremely  low  cho- 
lesterol values. 


Blood  Cholesterol  in  Pregnancy, 

An  increased  cholesterol  content  of  the  blood  has  been  described 
in  pr^;nant  women.^  In  the  case  of  twelve  women  in  early  preg- 
nancy whose  blood  was  examined  no  increase  in  cholesterol  was 
noted. 

TABLE  VI. 
Blood  Cholesterol  in  Pregnancy, 


No. 

DiacDoeis. 

Cbolesterol  per  100  oo.  of  blood. 

mg. 

C202 

Normal  pregnancy. 

183 

0203 

236 

C204 

260 

C205 

223 

C206 

223 

207 

221 

224 

283 

225 

«              « 

224 

201 

Probable  toxemia. 

256 

226 

Normal  pregnancy. 

272 

241 

Persistent  vomiting. 

208 

262 

it                if 

224 

The  next  series  of  observations  would  seem  to  indicate  that 
in  diabetes  a  hypercholesterolemia  is  of  rare  occurrence.  Taken 
as  a  whole  there  seems  to  be  no  definite  relation  as  far  as  can  be 
judged  by  the  analytical  data  presented  either  between  the  de- 
gree of  acidosis  and  the  Wood  cholesterol  or  between  the  blood 

sugar  and  cholesterol.* 

• 

*  Herrmann,  E.,  and  Neumann,  J.,  Biochem.  Z.,  1912,  xliii,  47.  Neu- 
mann and  Herrmann,  Wien.  klin,  Woch.y  1911,  xxiv,  411.  Herrmann  and 
Neumann,  ibid.t  1912,  xxv,  1557.  Albrecht,  H.,  and  Weltmann,  O.,  ibid., 
1911,  xxiv,  483.    Landau,  M.,  Deutsch.  med.  Woch.,  1913,  xxxix,  546. 

'  All  samples  of  diabetic  blood  were  taken  before  breakfast  in  order  to 
avoid  the  complication  of  an  alimentary  glycosuria.  The  blood  sugar 
determinations  were  made  by  Myers'  modification  of  the  Lewis-Benedict 
method. 


Cholesterol 


No. 

s«. 

Av. 

VA^^. 

thHMicteM. 

Blood  «•(«. 

stsiras 

m. 

lMr».« 

jm«<a 

■w. 

87 

(? 

0.8 

+ 

0.15 

188 

88 

9 

2.2 

+ 

0.16 

277 

89 

t 

Trace. 

+ 

0.14 

235 

80 

e 

6.2 

+ 

0.16 

292 

91 

d- 

6.4 

++ 

0.28 

312 

92 

rf 

1,4 

+ 

0.13 

225 

93 

e 

0 

0 

0.10 

185 

94 

9 

Trace. 

+ 

O.IGO 

207 

214 

d" 

2,0 

++ 

0.25 

332 

216 

9 

2.2 

+ 

0.18 

250 

12S 

9 

0 

0 

0.097 

172 

127 

9 

0 

0 

0.093 

219 

132 

cf 

0 

0 

0.126 

106 

120 

9 

0 

0 

O.lll 

150 

C2ieb 

9 

2.0 

+ 

0.18 

274 

C217 

9 

0.6 

+ 

0.164 

256 

C49 

d" 

50 

0.79 

+ 

0.19 

166 

C176 

9 

44 

1,0 

++ 

0.19 

250 

C234 

c? 

36 

2.8 

++ 

0.28 

300 

C298 

9 

42 

2.2 

+ 

0.31 

183 

C297 

9 

S2 

0 

0 

0.14 

314 

C288 

cf 

44 

0 

0 

0.17 

245 

C287 

9 

28 

2 

0 

0.17 

189 

C286 

(f 

33 

0 

0 

0.16 

367 

C209 

tf- 

1.4 

+ 

0,16 

205 

Blood  Choleslerol  in  Acute  Infections. 

But  little  work  has  been  published  regarding  the  effect  of  acuU 
infections  on  the  cholesterol  content  of  the  blood.  Chauffard, 
Richet,  and  Grigaut*  have  found  that  in  typhoid  fever  hi^ 
cholesterol  values  are  obtained  in  the  late  staffs  of  the  disease^ 
whereas  in  puhnonary  tuberculosis  a  aubnonnal  am'ount  is  present. 

The  results  presented  on  cases  of  acute  infections  show  in  the 
severe  cases  a  marked  diminution  of  the  cholesterol  content  ol 
the  blood,  which  rises  to  normal  values  during  convalescence. 
In  a  few  very  mild  cases  of  typhoid  no  hypercholesterolemia  was 
noted. 

*  Chauffard,  Laroche,  and  Grigaut,  Compl.  rend.  Soe.  biol.,  1911,  bc(,  ^i 

Chauffard,  A.,  Richet,  C,  and  Grigaut,  A.,  ibid.,  1911,  Ux,  276. 
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TABLE  Vm. 
Blood  Cholesterol  in  Acute  Infections. 


No. 


140 
b2 


147 


C151 
C182 


C164 


Sac. 


146 

(^ 

149 

(^ 

C284 

(^ 

C281 

d" 
& 

C192 

C300 

(f 

C295 

d 

C294 

d" 

C289 

cf 

C285 

cf" 

C278 

9 

66 

& 

C283 

cf 

75 

cf 

C214 

9 

C215 

& 

C216 

d^ 

70 

d* 

C283 

d 

104 

& 

DiafOosiB. 


Typhoid,  2nd  week.    Severe  case. 

Same  patient  7  weeks  later,  convalescent. 


Typhoid,  2nd  week.    Mild  case. 

Same  patient.    Late  convalescence,  6  weeks  later. 


Tjrphoid,  3rd  week.    Mild  case. 

Same  patient  5  weeks  later,  convalescent. 


Typhoid  3rd  week.    Severe  case.    Relapse. 
Same  patient  9  weeks  later,  convalescent. 


Tjrphoid,  2nd  day  of  normal  temperature.    Severe 

case. 
Same  patient  18  days  later. 


Typhoid,  4th  day  of  normal  temperature.    Severe 

case. 
Same  patient  4  weeks  later. 


Tjrphoid,  4th  week.    Mild  case, 
early  convalescence. 
2nd  week. 
2nd 


« 


« 


« 


u 


Pneumonia.    Pulmonary  tuberculosis. 
Same  case  convalescent,  7  weeks  later. 


Bronchial  pneimionia. 

Lobar  pneimionia.    Before  crisis. 

"  "  12  hrs.  after  crisis. 

"  "  Before  crisis. 

Bronchial  pneumonia. 
Acute  pleurisy. 

"  "        with  eflfusion. 

Pneumonia.    Before  crisis. 

It  €1  tl 


U 


« 


il 


u 


u 


u 


"  Crisis  6  days  later. 

Acute  rheumatic  fever. 


« 


« 


« 


Septic  foot  and  leg.    Severe  case. 


Cbolflsterol 

per  100  cc. 

of  blood. 

mg 
173 

205 

228 
226 

205 
222 

145 
168 


150 
303 


164 
210 

168 
205 
139 
139 

139 
162 

151 
141 
166 
129 
171 
279 
145 
151 
143 
133 
166 
169 
150 
203 


Blood  Cholesterol  in  Diseases  of  the  Liver  {Induding  Chf^ithiasut). 

Blood  cholesterol  determinations  in  cases  of  gsll-etone  disease 
have  always  been  popular  and  numerous  attempts  have  been 
made  to  connect  the  occurrence  of  cholelithiaaiB  with  a  hyper- 
cholesterolemia.'" In  obBtruction  of  the  common  duct  an  in- 
crease in  cholesterol  haa  been  noted,"  while  in  cirrhoaia  of  the 
liver  subnormal  quantities  of  cholesterol  have  been  reported. 


TABLE  IX. 
Blood  CholesUrol  in  Diseax, 


of  the  Liver. 


CbolstltDl 

No. 

S«. 

DiXDOua. 

■^^sx 

mt. 

142 

(? 

Cirrhosis  of  liver.  Aecites. 

169 

13 

d" 

"        "      "      Alcoholic.    Marked  jaundice. 

170 

272 

9 

"      "      SyphiLtic.        "               " 

170 

C27I 

d- 

"      "      Alcohoiie.         "               " 

1(10 

C280 

cT 

"        "      "      Slight  jaundice. 

205 

10 

cf 

Gall-atonea  (operation). 

222 

11 

cf 

"                    " 

227 

12 

9 

"                    " 

204 

d" 

Slight  jaundice. 

174 

C275 

9 

"                    " 

188 

C274 

c? 

" 

150 

D66 

9 

"                   "            Marked  jaundice. 

200 

B« 

9 

Slight 

183 

B37 

9 

"                    "                  "              « 

192 

C191 

9 

IH 

208 

•f 

Catarrhal  jaundice.    Marked.    Much  bile  in  urine. 

146 

C279 

o- 

Chronic  disease  of  gall-bladder.       Much  bile  in 

urine. 

273 

The  series  of  liver  cases  is  not  large,  but  it  gives  no  indication 
that  hypercholesterolemia  is  necessarily  an  accessory  to  gall- 
stone disease.  In  the  nine  cases  of  cholehthiasis  observed,  the 
presence  of  stones  was  in  every  case  proved  by  operation.     In  the 

'"Renes,  /.  Am.  Med.  Asm.,  1914,  Ixiii,  146.  Rothschild,  M.  A.,  ancl 
Rosenthal,  N.,  Am.  J.  Med.  Sc,  1916,  clii,  394. 

"  Chauffard,  Laroche,  and  Gri)(aut,  Compt.  rend.  Soc.  biol.,  1911,  Ixx, 
70.     Schmidt,  Arch.  Int.  Med.,  1914,  xiii,  125. 
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cases  examined  which  showed  icteric  symptoms  of  various  degrees 
of  severity  no  increase  of  blood  cholesterol  was  noted. 


Blood  Cholesterol  in  Malignant  Disease. 

A  hypercholesterolemia  has  been  described  in  the  early  stages 
of  malignant  disease"  while  in  advanced  tiunor  cases  where  ca- 
chexia is  present  the  cholesterol  of  the  blood  is  low.  The  samples 
of  blood  examined  taken  from  persons  suffering  from  malignant 
disease  have,  however,  given  in  every  case  results  within,  or  in  a 
few  cases  below,  normal  limits. 

TABLE  X. 
Blood  Cholesterol  in  Malignant  Disease, 


No. 

Sex. 

Diacnoms. 

Cholesterol 
per  100  00. 
of  blood. 

mg. 

16 

cf 

Carcinoma  of  transverse  colon. 

250 

17 

C^ 

"           "  stomach. 

233 

18 

& 

Hypernephroma  of  tibia  and  humerus. 

178 

19 

& 

Tumor  of  cord. 

250 

.   20 

9 

Abdominal  tumor. 

182 

21 

9 

Inoperable  carcinoma  of  breast. 

195 

22 

9 

Malignant  disease  of  the  liver  (marked  jaundice). 

277 

23 

9 

Carcinoma  of  stomach. 

178 

24 

& 

Abdominal  tumor. 

154 

143 

(f 

Malignant  disease  with  multiple  metastasis. 

146 

40 

cf 

Cancer  of  stomach  (marked  anemia). 

130 

C261 

9 

Recurrent  carcinoma  of  breast. 

201 

C303 

& 

Abdominal  tumor. 

257 

C290 

d* 

Cancer  of  stomach. 

238 

Blood  Cholesterol  in  Diseases  of  the  Skin. 

In  a  study  of  blood  cholesterol  in  diseases  of  the  skin  Fischl" 
has  reported  that  in  the  ordinary  dermatosis  not  accompanied  by 
fever,  such  as  urticaria,  eczema,  mycosis  fungoides,  etc.,  the  cho- 
lesterol content  of  the  blood  is  high,  while  in  conditions  accom- 
panied by  fever,  such  as  erysipelas,  herpes  zoster,  etc.,  a  hyper- 
cholesterolemia is  found. 

"  Luden,  J.  Lab,  and  Clin.  Med.,  1916,  i,  662. 
»  Fischl,  F.,  Wien.  klin,  Woch.,  1914,  xxvii,  982. 
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Cbol»- 

Cbik.- 

No. 

DilCDOU.' 

So. 

Unlper 

'to- 

No. 

T>itt«mM. 

8a. 

undpv 
too  Be.  of 
blood. 

m«. 

■W- 

156 

Ecienu. 

rf- 

173 

168 

PsoriaaiB. 

9 

168 

167 

« 

<f 

196 

169 

5 

165 

16S 

« 

9 

145 

!77 

'■ 

Q 

166 

i€e 

« 

<f 

147 

179 

" 

9 

230 

160 

« 

c? 

227 

180 

" 

9 

163 

171 

" 

c? 

168 

187 

9 

250 

172 

" 

(? 

195 

231 

" 

9 

194 

175 

" 

d- 

168 

161 

Prurigo. 

(? 

161 

182 

" 

c? 

157 

162 

Erythema  multi- 

190 

"     Jaundice. 

tf 

172 

forme. 

d- 

231 

191 

" 

9 

IM 

163 

Mycosis         (un- 

195 

" 

ff 

175 

goides. 

<? 

164 

227 

" 

9 

200 

164 

Mycosis         fun- 

229 

" 

9 

IM 

goides. 

(f 

146 

230 

" 

c? 

192 

167 

Vitiligo. 

9 

216 

174 

"  seborrheic. 

9 

156 

166 

Lupus  erythem- 

166 

"       pBoriaai- 

atoauB. 

9 

206 

fonn. 

9 

184 

170 

Tubercular      le- 

228 

Acne  vulgaris. 

cf 

195 

sion. 

<f 

233 

185 

"             « 

rf- 

208 

204 

Lupus  erythem- 

193 

"             " 

« 

208 

atosus. 

cf 

200 

197 

» 

d" 

185 

183 

Lichen  planus. 

9 

195 

198 

"             " 

d" 

162 

189 

"             " 

9 

234 

172 

"             " 

9 

208 

184 

Scabies. 

(f 

186 

178 

Furun  cuius. 

(f 

201 

186 

SporotrichosiB. 

<f 

208 

199 

" 

a" 

177 

188 

Actinodetmatitia. 

d- 

238 

176 

Urticaria. 

cf 

208 

192 

Scleroderma. 

9 

208 

181 

" 

9 

208 

200 

Herpes  zoster. 

d- 

255 

196 

" 

9 

166 

203 

Pityriaaia  rosea. 

9 

226 

202 

"  (chronic). 

9 

189 

The  results  presented  in  Table  XI  indicate  that,  in  the  main, 
persons  suffering  from  the  ordinary  types  of  dennatoses  show 
essentially  normal  blood  cholesterol  values.  Of  seventeen  caflM 
of  eczema  examined,  it  is  to  be  noted  that  three  show  abnormally 
low  values.  Out  of  a  total  of  seven  cases  of  psoriasis  four  gave 
cholesterol  figures  approaching  the  minimal  normal  values,  while 
the  same  may  be  said  of  one  case  of  prurigo,  two  of  mycosis  fun- 
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goides,  one  of  acne  vulgaris,  and  one  of  urticaria.  Tfae  cases  of 
ecsema  and  of  peoriasis  were  on  restricted  diets,  which  may  in 
part  at  least  account  for  the  low  values  obtained.  The  other 
cases  giving  subnormal  figures  were  on  an  unrestricted  food  intake 
but  were  without  exception  old  persons  who  had  suffered  from 
these  diseases  for  many  years  and  who  were  physically  much 
below  par. 

Blood  Cholesterol  in  Anemia. 

Many  observations  have  been  published  showing  that  the  cho- 
lesterol content  of  the  blood  in  anemic  conditions  is  invariably 
low.  In  fact  this  finding  has  been  so  universal  that  cholesterol 
injections  have  even  been  tried  in  Italy  as  a  cure  for  pernicious 


The  observations  recorded  below  confirm  these  results.  It 
should  be  noted,  however,  that  the  cholesterol  figures  vary  rela- 
tively but  not  absolutely  with  the  red  cell  count.  That  the 
anemia  as  such  has  no  relation  to  the  hypercholesterolemia,  is 
suggested  by  Case  41,  a  vigorous  young  man  who  had  suffered  a 
severe  hemorrhage,  and  who  showed  an  absolutely  normal  choles- 
terol value  with  a  blood  count  of  less  than  2,000,000. 

Three  cases  are  included  in  which  marked  improvement  in  the 
blood  picture  had  taken  place  after  treatment  (transfusion).  In 
one  of  these  although  the  red  cell  count  is  more  than  doubled  the 
cholesterol  content  of  the  blood  decreased  slightly,  while  in  two 
other  caises  with  an  increase  of  100  per  cent  in  the  cell  content 
of  the  blood  the  cholesterol  increased  in  one  case  only  a  trifle 
more  than  50  per  cent  and  in  the  other  less  than  20  per  cent. 

In  connection  with  the  cases  of  anemia  two  cases  of  polycy- 
themia examined  are  worthy  of  mention  on  account  of  the  nor- 
mal cholesterol  values  present. 

No.  124.  Pulmonary  stenosta  with  open  red  cella,  9,400,000  hemoglo- 
bb  148  per  cent,  choleaterol  170  mg.  per  100  cc.  of  blood. 

No.  25.  Enlarged  liver  and  spleen  (cause?)  red  cells  9,200,000,  hemo- 
globin 130  per  cent,  cholesterol  180  mg.  per  100  cc.  of  blood. 
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TABLE  XII. 

Blood  Cholesterol  in  Anemia, 


No. 

Diacnosis. 

Red  cells  per 
0.  mm. 

Hemoglobin 

(Sahli). 

CholAstnol 
per  100  oe. 
of  blood. 

percent 

m#. 

26 

Pernicious  anemia. 

.500,000 

12 

135 

116 

((                i 

1,000,000 

20 

126 

117 

u                        « 

1,400,000 

30 

128 

111 

((                      i 

2,200,000 

55 

139 

114 

It                    i 

1,800,000 

50 

154 

119 

a                     i 

900,000 

30 

166 

118 

«                     t 

1,800,000 

50 

172 

29 

.       «                     - 

2,300,000 

60 

169 

32 

«                     « 

1,700,000 

30 

219 

36 

«                      n 

1,200,000 

35 

130 

36a 

Same  patient  after  treatment. 

2,500,000 

80 

210 

37 

Pernicious  anemia. 

824,000 

38 

150 

37a 

Same  patient  after  treatment. 

2,100,000 

60 

130 

38 

Pernicious  anemia. 

2,000,000 

30 

180 

38a 

Same  patient  after  treatment. 

3,900,000 

75 

210 

28 

Splenic  anemia. 

2,200,000 

30 

190 

C273 

Banti's  disease. 

2,700,000 

36 

144 

39 

Leukemia. 

176 

C190 

Lymphatic  leukemia  (acute). 

1,300,000 

26 

144 

143 

Malignant  disease  with  multiple 

metastases.    Secondary  anemia. 

2,100,000 

28 

146 

40 

Cancer  of  stomach.      Secondary 

anemia. 

3,000,000 

50 

130 

33 

Tapeworm.    Secondary  anemia. 

60 

147 

41 

Gastric  ulcer  accompanied  by  se- 
vere hemorrhage.      Secondary 

• 

anemia. 

1,840,000 

29 

208 

Blood  Cholesterol  in  Diseases  of  the  Ductless  Glands. 

On  account  of  the  part  ascribed  to  the  ductless  glands  in  the 
regulation  of  lipoid  metabolism  I  have  made  a  few  examinations 
of  blood  from  persons  suffering  from  thyroid  disease  and  in  one 
case  of  acromegaly.  As  will  be  seen  from  the  following  result, 
no  striking  deviations  from  the  normal  values  were  found,  al- 
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though  it  is  of  interest  to  note  that  four  of  the  five  cases  of  severe 
Graves*  disease  gave  low  figures,  while  the  one  case  of  myxedema 
examined  showed  a  figure  a  trifle  above  the  normal.  No  relation 
is  apparent  between  blood  sugar  and  blood  cholesterol. 

TABLE  xra. 

Blood  Cholesterol  in  Diseaaes  of  the  Ductless  Glands, 


No. 

Sex. 

• 

Diftgnmrifl. 

Blood  sugar. 

CholMterol 

per  100  oe.  of 

blood. 

percent 

mg. 

76 

9 

Hyperthyroid,  severe  case. 

0.10 

176 

212 

& 

«                  «         tt 

0.096 

163 

C291 

d 

if                 It         it 

0.10 

178 

C276 

9 

It                 it         tt 

0.11 

180 

C270 

9 

tt                 tt         tt 

0.11 

231 

C168 

9 

*'              mild  case. 

0.096 

238 

C189 

9 

tt                 tt       tt 

0.12 

247 

C228 

cf 

tt                 tt       tt 

0.11 

186 

C306 

9 

tt                 tt       tt 

0.10 

257 

C305 

9 

tt                 tt       tt 

225 

C227 

9 

Mjrxedema. 

0.12 

295 

B1Q2 

9 

Acromegaly. 

0.11 

280 

SUMMARY. 

Determinations  of  cholesterol  have  been  made  on  the  blood  of 
twenty  normal  individuals  and  of  two  hundred  and  fifty-four 
persons  suflfering  from  a  variety  of  the  more  common  diseases 
and  including  twelve  in  pregnancy.  As  a  result  of  this  work  the 
following  conclusions  are  drawn. 

1.  In  nephritis,  cardiorenal  disease,  arteriosclerosis,  and  car- 
diac disease  the  blood  cholesterol  remains  at  normal  levels  both 
in  the  early  stages  of  the  disease  and  when  the  patient  is  prac- 
tically moribimd.  There  is  no  relation  between  the  non-protein 
nitrogen  of  the  blood  and  the  cholesterol. 

2.  In  syphilis  the  blood  cholesterol  is  not  increased.  In  some 
cases  it  is  low. 

3.  In  twelve  cases  of  early  pregnancy  no  increase  in  blood 
cholesterol  was  noted. 

4.  In  twenty-five  diabetics,  five  showed  a  slight  increase  in  the 
cholesterol  content  of  the  blood.    This  hypercholesterolemia  bore 


Cholesterol 

imtact  rel&tion  to  the  blood  sugar  or  to  the  acetone  bodies 
g;ar  of  the  urine. 

In  the  case  of  the  acute  infections,  typhoid  fever,  pneumonia, 
isy,  and  rheumatic  fever  were  studied.  In  these  conditions 
holeeterol  values  were  found  when  the  patient  was  very  ill ; 
Dvalescence  normal  values  were  reestablished. 
Id  nine  cases  of  gall-stone  disease  no  marl^ed  increase  of  blood 
sterol  was  found.  In  icterus  even  when  severe  there  was  no 
we.  In  cirrhosis  of  the  liver  the  values  were  within  the  lower 
al  limits. 

In  fourteen  early  cases  of  malignant  disease  the  cholesterol 
»  were  normal  except  in  one  case  associated  with  anemia  in 
1  the  value  was  low. 

In  diseases  of  the  skin  the  blood  cholesterol  figures  obtained 
vithin  normal  limits. 

In  severe  primary  and  secondary  anemias  subnonnal  values 
obtained.  No  definite  relation  was  found  to  exist  between 
lumber  of  corpuscles  or  hemoglobin  percentage  and  choles- 
values. 

,  In  severe  hyperthyroidism  figures  were  obtained  within  or 
below  the  lower  normal  limit.  In  one  case  of  myxedema  a 
sterol  figure  slightly  above  the  highest  normal  value  was 
i. 

CONCL08ION8. 

long  the  pathological  conditions  examined  hypercholesterol- 
was  found  to  exist  only  in  diabetes  and  only  in  a  relatively 
number  of  cases  of  this  disease.  Low  cholesterol  values  are 
jharacteristic  of  any  special  pathological  condition  but  are 
iably  found  in  conditions  where  marked  prostration  or  ca- 
a  exist.  Cholesterol  determinations  in  the  blood  are  therefore 
■esent  of  no  value  in  the  clinical  diagnosis  or  prognosis  of 


.m  indebted  to  my  assistant,  Miss  Anna  S.  Minot,  for  many 
e  determinations  recorded  in  this  paper. 
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polysaccharide.    Prevailing  opinion  favors  the  former  view,  am 
nucleic  acid  has  been  assigned  the  formula:* 


0  -  P  -  O .  C,H,0, .  CiH.N, 

I 

O 

I 
O  -  P  -  O  .  C^iO. .  C4H,N(0, 

I 

o 

I 

O  -  P  -  O .  C.H,0. .  C,H.N,0 

I 


The  following  consideratioiiB,  however,  prove  that  this  is  nt 
the  correct  solution.  We  hav^  prepared  from  yeast  nucleic  aci 
a  substance  which  by  acid  hydrolysis  yields  adenine  and  urac 
but  neither  guanine  nor  cytosine.  By  ammoniacal  hydrolysiB 
yields  adenosine  and  uridine  but  neither  guanosine  nor  cytidin 
The  partition  of  its  phosphorus  shows  that  it  contains  an  equ 
number  of  purine  and  pyrimidine  groups  (one  of  each) .'  The  sul 
stance  is  evidently  adenine-uracil  dinucleotide.  Its  physical  pro| 
erties  are  strikingly  different  from  those  of  yeast  nucleic  ac 
and  the  yield  is  such  as  to  surest  that  its  formation  from  yea 
nucleic  acid  is  quantitative. 

When  a  hot  aqueous  solution  of  the  dinucleotide  is  treated  wi' 
a  solution  of  brucine  in  hot  alcohol,  a  tetrabrucine  salt  is  formi 
which  is  deposited  in  beautifully  crystalline  form  as  the  solutif 
cook.  Neither  the  melting  point  nor  the  elementary  compo8iti( 
of  the  brucine  salt  is  changed  by  repeated  crystalUzation  of  tl 
substance  from  hot  water.  By  acid  hydrolysis  it  yields  adenii 
but  not  guanine.  Half  of  its  phosphoric  acid  is  easily  split,  hf 
is  firmly  bound.  Analyses  for  carbon,  hydrogen,  nitrogen,  pho 
phonis,  and  brucine  give  sharply  the  values  required  for  t! 
formula  Ci«H»N,P,0,6.(Cj,HmNjO,),. 

•  Jones.  W.,  /.  Biol.  Chem.,  1916,  xxiv,  p.  iii. 
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Two  structural  formulas  for  a  dinucleotide  are  given  below, 
which  differ  from  one  another  in  only  one  respect.  In  I  the 
two  mononucleotide  groups  are  joined  to  one  another  through 
their  carbohydrate  groups,  and  the  formula  represents  a  sub- 
stituted disaccharide.  In  II  the  two  mononucleotide  groups 
are  joined  to  one  another  through  their  phosphoric  acid  groups 
and  the  formula  represents  a  substituted  diphosphoric  acid. 


H0\ 
O = P  -  O .  C»H,0,' .  CHiN, 


HO/ 

HON 
0=P-0 

ho/ 


I 
O 


C^HtO,  .  CiHjNiO, 


H0\ 
0=  P  -X)  .  CtHiOi .  CsH4N» 

I 

o 

I 

O  =  P  -  O  .  CsHgOi .  CiHiNfOi 
HO/ 

II 


Formula  I  can  properly  be  assigned  to  a  dinucleotide  that  forms 
a  te/rabrucine  salt,  and  is  the  most  probable  formula  for  the  dinu- 
cleotide imder  discussion. .  Formula  II  cannot  be  assigned  to  a 
dinucleotide  that  forms  a  ^^rabrucine  salt  and  therefore  cannot 
represent  the  dinucleotide  under  discussion. 

The  mode  of  nucleotide  linkage  in  the  dinucleotide  must  of 
course  exist  also  in  yeast  nucleic  acid  so  far  as  two  of  its  nucle- 
otide groups  are  concerned,  but  it  does  not  necessarily  follow 
that  this  same  mode  of  nucleotide  linkage  maintains  throughout 
the  entke  nucleic  acid  molecule.  However,  in  the  following 
article  we  shall  give  evidence  to  show  that  such  is  the  case,  and 
that  the  relation  between  yeast  nucleic  acid  and  adenine-mticil 
dinucleotide  is  that  which  is  expressed  in  the  formula* 

H0\ 
O  =  P-  O  .  CjHtO,  .  C6H4N8 

R(y  I 

o 

H0\  I 

0=  P  -  O  .  CJEjO  .  C4H3NtO: 

H     «^^  A 


adenine-uracil  dinucleotide. 


OH 


H0\ 

0=  P  -  O  .  CsHeO  .  C4H4N,0 
HO/  ^ 


H0\ 

0=  P  -  O  .  CiHrO, .  C»H4N»0 
HO/ 

yeast  nucleic  acid. 
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Hydrolysis  of  Yeast  Nuchic  Acid  with  Ammonia  at  US',  and 
Separation  qf  the  Products. 

A  solution  of  100  gm.  of  commercial  yeast  nucleic  acid  in  530 
cc.  of  2.5  per  cent  ammonia  was  heated  for  1 J  houre  in  an  autoclave 
at  115°,  and  the  cooled  product  was  treated  with  530  cc.  of  abso- 
lute alcohol.  The  bulky  gelatinous  precipitate  thus  formed  was 
filtered  on  a  Buchner  funnel  and  drawn  as  completely  as  poeeible 
with  a  filter  pump.  The  autoclave  product  is  in  this  way  8epa~ 
rated  into  two  fractions  which  may  for  conTcnience  be  designated 
as  the  guanine  fraction  and  the  adenine  fraction.  One  fraction 
contains  principally  guanyUc  acid  and  forms  an  ammonium  salt 
that  is  almost  indoluble  in  40  per  cent  alcohol.  The  other  fmc- 
tion  is  almost  entirely  adenine-uracil  dinucleotide,  whose  ammon- 
ium salt  is  easily  soluble  in  60  per  cent  alcohol.  When,  there- 
fore, a  solution  of  the  two  fractions  in  ammonia  is  treated  with  aa 
equal  volume  of  alcohol,  a  sharp  separation  is  effected. 

The  aqueous  alcohohc  solution  of  the  dinucleotide  was  acidified 
with  acetic  acid,  diluted  with  an  equal  volume  of  hot  water,  and 
treated  with  an  aqueous  solution  of  lead  acetate  as  long  as  the 
reagent  formed  a  precipitate  with  a  portion  of  the  cooled  and  fil- 
tered solution.  About  450  cc.  of  25  per  cent  lead  acetate  are  re- 
quired.  When  the  precipitation  was  complete  the  solution  was 
cooled  and  the  heavy  granular  lead  salt  was  filtered  on  a  Buchner 
funnel  and  washed  with  a  little  cold  water. 

The  lead  salt  was  made  into  a  thin  paste  with  boiling  water  and 
decomposed  with  hydrogen  sulfide.  After  the  filtrate  from  lead 
sulfide  had  been  carefully  freed  from  every  trace  of  hydrogen  sul- 
fide by  boiling,  it  was  evaporated  at  50°  under  diminished  pres- 
sure to  about  50  cc,  and  treated  with  a  large  amount  of  absolute 
alcohol.  The  precipitated  dinucleotide  was  hardened  with  abso- 
lute alcohol  and  dried  with  sulfuric  acid  in  a  vacuum  desiccator. 

From  300  gm.  of  yeast  nucleic  acid  174  gm.  of  the  crude  dinu- 
cleotide were  obtained. 

Adenine-Uracil  Dinucleotide. 

Specimens  of  the  dinucleotide  prepared  in  the  manner  described 
always  contain  a  small  amount  of  guanylic  acid  and  by  acid  hydrol- 
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ysis  produce  a  trace  of  guanine.  The  guanylic  acid  may  be  com- 
pletely removed  in  the  following  way. 

A  solution  of  100  gm.  of  the  crude  dinucleotide  in  200  cc.  of 
water  is  made  alkaline  with  ammonia  and  treated  with  300  cc. 
of  absolute  alcohol.  The  filtered  solution  is  diluted  with  an  equal 
volume  of  hot  water,  acidified  with  acetic  acid,  and  precipitated 
with  lead  acetate  as  described,  but  the  lead  compound  is  washed 
with  water,  until  every  trace  of  soluble  ammonium  salt  is  removed. 
This  can  be  done  oasily  and  without  using  the  immense  volume 
of  wash  water  that  would  otherwise  be  necessary,  by  grinding 
up  the  lead  precipitate  to  a  thin  paste  with  boiling  water  and 
drawing  off  the  cooled  liquid  as  completely  as  possible  with  a 
filter  pimip.  After  the  washing  in  this  way  has  been  repeated 
two  or  three  times,  the  wash  water  fails  to  give  off  ammonia  with 
sodium  carbonate  in  the  cold. 

The  lead  salt  is  decomposed  with  hydrogen  sulfide,  the  filtrate 
from  lead  sulfide,  after  boiling  imtil  free  from  the  gas,  is  evapo- 
rated, at  50°  under  diminished  pressure,  and  the  pale  yellow  syrup 
is  treated  with  a  large  excess  of  alcohol.  The  precipitated  dinu- 
cleotide is  hardened  and  dried  as  described. 

Diu-ing  the  evaporation  of  the  final  aqueous  solution  a  persist- 
ent bumping  (due  probably  to  the  absence  of  ammonium  salts) 
caiujes  a  serious  loss  of  material  so  that  the  yield  is  lower  than 
might  have  been  expected.  From  100  gm.  of  the  crude  dinucleo- 
tide 55  gm.  of  the  purified  product  were  obtained,  or  about  36 
per  cent  of  the  commercial  yeast  nucleic  acid  used.  The  theoreti- 
cal jdeld  from  pure  dry  nucleic  acid  is  about  50  per  cent.  The 
dinucleotide  is  an  amorphous  white  powder,  soluble  in  water  in 
all  proportions,  but  insoluble  in  absolute  alcohol.  It  responds  to 
the  color  reactions  for  pentose  with  orcine  and  phloroglucine,  and 
by  acid  hydrolysis  yields  an  abundance  of  adenine  but  no  trace 
of  guanine. 

A  solution  of  100  mg.  of  the  substance  in  2  cc.  of  5  per  cent 
sulfuric  acid  was  heated  for  an  hour  at  100°  and  the  hot  solution 
was  made  alkaline  with  ammonia.  No  guanine  was  precipitated 
even  after  the  solution  had  stood  for  a  week,  but  upon  the  addi- 
tion of  ammoniacal  silver  nitrate,  the  fluid  became  solid  with 
characteristic  transparent  gelatinous  silver  adenine.  Tests  for 
g;uanine  and  adenine  made  in  this  way  never  give  misleading 
results. 
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The  dinucfeotide  is  levorotatory  to  polarised  light.  For  de- 
tennining  the  specific  rotation,  a  preparation  was  used  that  had 
been  dried  in  a  vacuum  over  sulfuric  acid  and  still  contained  5 
per  cent  of  moisture.  A  solution  of  3.3  gm.  in  50  cc.  of  water 
gave  a  reading  of  —0.85°  when  polarized  in  a  2  dm.  tube.  [a]a  = 
-6.8°. 

Preparation  of  Adenine  from  the  Dinudeotide. — A  solution  of  5 
gm,  of  dinudeotide  in  100  cc.  of  5  per  cent  sulfuric  acid  was  heated 
for  1  hour  at  100°  when  the  product  was  mad^  alkaline  with  am- 
monia and  allowed  to  stand  24  hours.  As  no  precipitation  of  guan- 
ine occurred,  the  solution  was  treated  with  silver  nitrate  in  am- 
monia and  the  precipitated  gelatinous  adenine  silver  compotmd 
was  suspended  in  water  and  decomposed  with  hydrogen  sulfide. 
After  filtering  off  the  silver  sulfide,  the  solution  was  evaporated 
to  dryness  on  the  water  bath  and  the  residue  was  crystallized 
first  out  of  5  per  cent  sulfuric  acid,  then  out  of  hot  water  with  the 
use  of  animal  charcoal,  and  finally  out  of  1  per  cent  sulfuric  acid. 
There  were  finally  obtained  982  mg.  of  pure  adenine  sulfate. 
The  united  mother  liquors  obtained  in  the  crystallization  of  ade- 
nine sulfate  were  made  alkaline  with  ammonia  and  boiled  until 
the  excess  of  ammonia  had  been  driven  off.  The  solution  was 
then  decolorized  with  animal  charcoal  and  treated  with  picric 
acid.  There  were  finally  obtained  189  mg.  of  adenine  picrate. 
The  total  adenine  obtained  from  5  gm.  of  dinudeotide  (5  per 
cent  moisture)  was  730  mg.  instead  of  950  mg. 

Preparation  of  Adenosine  from  the  Dinudeotide.^ — The  dinudeo- 
tide was  dissolved  in  five  parts  of  2.5  per  cent  ammonia  and  heated 
in  the  autoclave  for  2  hours  at  135°.  As  no  guanosine  was  de- 
posited by  cooling  in  ice  water,  the  clear  solution  was  treated  with 
hot  concentrated  picric  acid  as  long  as  cold  picric  acid  still  gave  a 
precipitate,  and  the  deposited  adenosine  picrate  was  recrystai- 
lized  from  hot  water.  From  15  gm.  of  dinudeotide  we  obtained 
5.27  gm.  of  the  picrate  in  glistening  plates. 

The  picrate  was  dissolved  in  hot  water  and  after  the  solution 
had  cooled  it  was  made  and  kept  acid  to  Congo  red  with  sulfuric 
acid  as  it  was  shaken  out  with  ether  for  the  removal  of  picric  acid. 
The  sulfuric  acid  was  then  neutralized  with  lead  carbonato,'  and 

'  This  was  to  avoid  the  continual  deposition  of  a  barium  compound  dot' 
ing  the  subsequent  evaporation,  as  is  the  case  when  b&rium  carbonate  a 
used. 
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\he  filtered  solutioD  waa  treated  with  hydrogen  sulfide  for  the 
arecipitation  of  a  trace  of  lead.  After  evaporation  of  the  filtrate 
:rom  lead  sulfide  at  50°  under  diminished  pressure  and  further 
xiDcentration  over  sulfuric  acid,  the  fluid  was  allowed  to  remain 
iver  night  in  the  ice  chest.  A  paste  of  crystalline  adenosine  was 
formed,  from  which  pure  adenosine  was  prepared  in  needle  clus- 
iers,  by  recrystallization  from  hot  water  with  the  use  of  animal 
:harcoal. 

The  substance  was  ash-free,  contained  no  trace  of  free  adenine, 
melted  to  a  black  liquid  sharply  at  219°  (corrected),  and  contained 
3De  and  one-half  molecules  of  water  of  crystallization  of  which 
nie  molecule  is  driven  off  by  heating  in  the  air  at  115"."* 

0.3408  gm.  air-dried  substance  loat  0.0210  gm.  at  115°. 


6.12  e.l6 

I.  0.1945  gm.  dried  at  115°  required  13.35  cc.  H,SO.  (I  cc. 
II.  0.1233  gm.  dried  at  115°  required   8.47  cc.  HtSO,. 


.  25.36  25. 3B  25.42 


The  picrate  prepared  from  pure  adenosine  formed  thin  trans- 
[larent  plates  with  sharp  edges,  which  decomposed  and  melted 
it  183.5"  (corrected). 

PTtparation  o/  Uracil  from  (he  Dinudeotide. — 31  gm,  of  dinu- 
:leotide  were  heated  in  an  autoclave  at  140°  for  SJ  hours  with 
190  cc.  of  25  per  cent  sulfuric  acid.  The  product  was  diluted  to 
1  liter  and  precipitated  with  an  excess  of  hot  concentrated  barium 
hydroxide.  After  filtration  the  excess  of  barium  was  removed 
tiy  passage  of  carbon  dioxide  and  the  solution  was  evaporated 
under  diminished  pressure  to  about  250  cc.  The  concentrated 
fluid  was  acidified  with  nitric  acid,  the  purine  bases  (adenine  and 
hypoxanthine)  were  removed  from  the  acid  solution  by  the  addi- 
tion of  silver  nitrate,  and  the  uracil  was  precipitated  in  the  usual 
way  with  silver  nitrate  and  bariimi  hydroxide.     The  silver  com- 

" Lerene  and  La  Forge  drove  off  one  and  one-half  molecules  of  nater 
from  adenosine  by  heating  at  110°  in  a  vacuum  over  phosphorus  pentoxide. 
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pound  of  uracil  was  suspended  in  hot  water  and  decomposed  witt 
hydrogen  sulfide.  By  evaporating  the  filtrate  from  silver  sulfidi 
to  crystallization,  there  were  obtained  5.18  gm.  of  crude  uracil 
This  was  recrystallized  twice  from  5  per  cent  Hulfuric  acid  an< 
finally  from  water  with  the  use  of  animal  charcoal.  2.618  gm.  o 
pure  uracil  were  obtained  in  macrocrystalline  needles. 


0.2333  gm.  required  15.78  ci 
0.3262    •'         "        21.91  " 

1 

z.  H,SO.  {1  cc.  =  0.00370  gm.  N). 
25.00       25.03       24-85 

All  fluids  obtained  in  the  purification  of  uracil  were  joined  t( 
the  first  mother  liquor  and  examined  for  cytosine,  but  with  nega 
tive  results. 

Preparation  of  Uridine  from  the  DinudeUide? — A  solution  o1 
dinucleotide  in  2.5  per  cent  ammonia  was  heated  in  the  auto 
clave  for  2  hours  at  133°.  The  product  did  not  deposit  guanosb( 
when  cooled  in  ice  water  for  2  hours,  nor  even  upon  standing  ovei 
night  in  the  ice  chest.  After  warming  to  the  room  temperatun 
the  clear  solution  was  treated  with  hot  concentrated  aqueoiis  piC' 
ric  acid,  as  long  as  a  drop  of  the  fluid  removed  for  the  purpose  was 
still  found  to  give  a  precipitate  with  cold  saturated  picric  acid 
After  completely  precipitating  the  adenosine  in  this  way,  the  so- 
lution was  cooled  and  filtered.  The  excess  of  picric  acid  was  rfr 
moved  with  sulfuric  acid  and  ether,  the  sulfuric  acid  was  precipi- 
tated with  hot  concentrated  barium  hydroxide,  and  the  solution 
was  evaporated  almost  to  dryness  at  50°  under  diminished  pres- 
sure. Alcohol  was  added,  hydrochloric  acid  was  passed  in  to  tb( 
point  of  saturation,  and  the  product  was  further  treated  as  Levem 
and  La  Forge  direct.' 

Owing  to  the  complication  of  the  process  we  made  no  attempi 
to  obtain  a  quantitative  yield.  From  100  gm.  of  air-dried  dinu- 
cleotide there  were  obtained  7.3  gm.  of  snow-white  crystailiiw 
uridine.     {The  yield  from  yeast  nucleic  acid  is  5  per  cent.) 

■-  H,SO.  (1  cc.  =  0.00370  gm.  N) 
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The  tmbstance  melted  at  159®  (corrected).  Specimens  of  pure 
uridine  from  the  dinucleotide  and  from  yeast  nucleic  acid  were 
heated  in  two  capillary  tubes  on  the  same  thermometer.  The  two 
specimens  melted  simultaneously  at  159°  (corrected). 

Cytidine  was  not  present  in  the  first  mother  liquor  obtained  in 
the  preparation  of  uridine.  (When  dealing  with  yeast  nucleic 
acid,  cytidine  nitrate  can  always  be  prepared  from  this  mother 
liquor.) 

The  Uracil  Group  in  the  Dirmcleotide. — ^It  has  been  suggested 
that  the  existence  of  a  uracil  group  in  nucleic  acid  has  never  been 
proven,  and  this  is  really  the  case  if  rigid  proof  be  demanded.  It 
is  true  that  both  uracil  and  uridine  can  be  obtained  from  nucleic 
acid,  but  the  corresponding  amino  compoimds  cytosine  and  cyti- 
dine are  always  found  at  the  same  time.  The  two  oxy-compoimds 
can  easily  be  formed  from  the  amino-compoimds  and  might  ac- 
tuaUy  be  produced  in  this  way  during  the  acid  hydrolysis  of  nu- 
cleic acid,  for  neither  of  the  oxy-compoimds  has  been  obtained 
from  nucleic  acid  without  employing  hot  mineral  acid  either  in 
the  hydrolysis  itself  or  in  the  isolation  of  the  product. 

The  failure  to  find  any  trace  of  c3rtQsine  among  the  hydrol3rtic 
products  of  the  dinucleotide  is  evidence  of  considerable  value  but 
the  question  is  finally  decided  by  the  chemical  composition  of 
the  crystalline  brucine  salt  of  the  dinucleotide. 

Nitrogen  required  for  the  brucine  salt  of  adenine-cy^ostn^ 

dinucleotide 10.05 

Nitrogen  required  for  the  brucine  salt  of  adenine-uract7 

dinucleotide 9.42 

I 9.35 

Nitrogen  found.      II 9.41 

III 9.35 

A  lu^cil  group  therefore  exists  in  the  dinucleotide  and  must 
also  exist  in  the  nucleic  acid. 

Partition  of  Phosphorus  in  the  Dinucleotide.^ — This  subject  is 
dealt  with  exhaustively  in  the  contribution  that  follows,"  where 
it  is  shown  that  half  of  the  phosphoric  acid  comes  off  by  mild  hy- 
drolysis with  dilute  mineral  acid  while  half  remains  firmly  bound. 
As  far  as  this  has  evidential  value  it  shows  that  the  dinucleotide 

"Jones,  W.,  and  Read,  B.  E.,  J.  Biol,  Chem,,  1917,  xxix,  123. 
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mixed  dinucleotide  composed  of  groups  of  two  mowmu- 
ttdes,  one  a  purine  nucleotide  and  the  other  a  pyrimidine 
leotide. 

The  Brucine  Soli  of  the  DinudeoUde. 

solution  of  10  gm.  of  dinucleotide  in  30  cc.  of  hot  water  was 
ted  with  a  solution  of  24.2  gm.  of  brucine  in  48.4  cc,  of  hot 
hoi.  Crystals  of  the  brucine  salt  appeared  almost  immedi- 
y.  When  the  material  had  cooled  to  the  room  temperature, 
crystals  were  filtered  off,  washed  first  with  cold  water,  then 
t  hot  alcohol,  and  allowed  to  dry  in  the  air.     The  salt  weighed 

2  gm.  After  recrystallization  from  fifty  parts  of  hot  water 
gm,  were  obtained, 

y  repeated  crystallization  of  the  compound  from  hot  water 
e  is  a  considerable  loss  of  material,  due  to  its  solubility  in 

water.  This  can  be  recovered  by  careful  evaporation  of 
mother  liquors  at  a  low  temperature,  but  there  is  little  need 
recrystallization  since  the  crj'staUine  salt  first  obtained  has 
same  melting  point  and  elementary  composition  as  the  prod- 
i  of  its  recrystalhzation.  The  recrystallized  salt  was  used  in 
analytical  work  reported  in  the  next  section. 
Tien  heated  in  a  capillary  tube  the  brucine  salt  contracts 

recedes  from  the  sides  of  the  tube  at  172-173°,  but  is  not 
irwise  changed  until  the  temperature  reaches  174°.  Between 
'  and  175°  the  substance  turns  brown  and  melts.  This 
e   conduct   is   exhibited   by   all    specimens   of   the   brucine 

even   after   recrj-stallization   from    hot    water    five  times. 

hydrous  salt  contains  fourteen  molecules  of  water  of  crys- 
zation  and  has  the  composition  represented  by  the  formula 
I«N,PjO,s.4(C«H2sN2O0.14H2O.  The  substance  is  very  stable 
he  air  at  the  room  temperature,  but  slowly  loses  weight  in  » 
iium  over  sulfuric  acid.  Heated  in  the  air  at  110°  it  loses  all 
»  water  of  crj'stallization  and  the  weight  of  the  anhydrous  salt 
Dt  changed  either  by  heating  several  hours  longer  at  125°  or 
heating  at  110°  in  a  vacuum  over  phosphorus  pentoxide.  The 
ydrous  salt  takes  up  water  and  increases  in  weight  when 
osed  to  the  air. 

'he  material  used  for  the  following  analyses  was  recry stall ised  tron' 
water  once  or  oftener  and  except  for  the  determinations  of  water  of 
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crystalliBation  was  dried  at  115^.  The  required  values  in  the  table  below 
are  for  the  formula  Ci»Hi»N7P»Ou.4(CmHi»N804)  except  those  for  water  of 
crystallization  which  are  calculated  from  the  formula  CivHstNrPsOu. 
4(CsiHseNs04).14HsO.  In  determining  the  phosphorus,  the  substance  was 
oxidized  with  potassium  sulfate  and  concentrated  sulfuric  acid  to  which  a 
few  drops  of  20  per  cent  copper  sulfate  were  added. 

For  determining  the  brucine,  the  salt  was  suspended  in  fifty  parts  of 
hot  water,  and  ammonia  was  added,  imtil  the  substance  passed  into  solu- 
tion. Upon  cooling,  crystalline  brucine  was  deposited,  CmHs6Ns04.4HsO. 
This  was  filtered  off  and  the  filtrate  was  extracted  with  chloroform  which 
was  evaporated  in  a  weighed  platinum  dish.  The  crystalline  brucine  was 
added  and  after  drying  at  110**  the  dish  was  again  weighed.  About  97  per 
cent  of  the  brucine  is  precipitated  by  anmionia  in  crystalline  form  and  is 
easily  soluble  in  chloroform;  about  3  per  cent  remains  for  the  chloroform 
extraction. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 


0.6219  gm 

0.4947     " 

0.2401 

0.2561 

0.3596 

0.3920 

0.3418 

1.3874 

1.4243 

1.2254 

0.4445 

0.4756 


« 


« 


tt 


« 


« 


« 


« 


« 


« 


« 


air-dried  substance  lost  0.0636  gm.  at  115^. 
"  "    0.0602    "     "  115^ 

dried  at  115**  gave  0.1269  gm.  H,0  and  0.5265  gm.  COj. 
gave  0.1299  gm.  HtO  and  0.5588  gm.  COs. 

"     30.0  cc.  N  (25**  and  768  mm.). 

"     33.1  "    N  (26.5**"  760    "    ). 

"     28.4  "    N  (25**    "    766.5"    ). 

"     0.1389  gm.Mg,P,07. 

"     0.1419     "  " 

"     0.2704     "  MgNH4P04.6H20. 

"     0.3114     "  brucine. 

"     0.3344     "         " 


HiO 

c 

H 

N 

P 

Brucine. 

Calculated. 
Found. 

I 

10.16 

10.23 
10.14 

1 

59.76 

59.80 
59.51 

5.79 

5.87 
5.64 

9.42 

9.41 
9.35 
9.35 

2.78 

2.79 
2.77 
2.79 

70.7 

II 

Ill 

IV 

V 

VI 

VII 

Vlll 

EX 

X 

XI 

70.1 

XII 

70.3 
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'"  '  '»"'  »"  mblr„tei. "'"'""  obt.ta.i,  ti.  prriimL,  „„^i 

""■•  ".alt,  „,  e_,_„^   .  (p»rtU). 

Pl."ph.u,.  "'""«'  »  ?".»,.,„   „,  „^^^  ^^, 

Total  found 

"  required..,;;;;;;;; 22,0s 

I'mial  found 22.00 
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THE  MODE  OF  NUCLEOTIDE  LINKAGE  IN  YEAST 

NUCLEIC  ACID. 

Bt  WALTER  JONES  and  B.  E.  READ. 

(From  the  Laboratory  oj  Physiological  Chemistry,  Johns  Hopkins  University, 

Baltimore,) 

(Received  for  publication,  December  27,  1916.) 

When  a  purine  nucleotide  is  heated  with  dilute  sulfiuic  acid 
its  phosphoric  acid  ia  set  free  rapidly  and  completely.  On  the 
contrary,  a  pyrimidine  nucleotide  loses  its  phosphoric  add  under 
the  same  conditions  very  slowly,  so  that  the  existence  of  purine 
and  pyrimidine  groups  in  mixed  nucleotides  can  be  indirectly 
ascertained  from  the  rapidity  with  which  their  phosphoric  acid  is 
set  free.  Thus,  yeast  nucleic  acid  is  a  tetranucleotide  composed 
of  groups  of  two  purine  nucleotides  and  two  pyrimidine  nucleotides. 
As  we  should  expect,  half  of  its  phosphoric  acid  is  easily  set  free 
and  half  is  firmly  bound. 

In  the  following  are  given  the  results  obtained  by  the  applica- 
tion of  this  method  to  adenine-uracil  dinucleotide. 

EXPERIMENTAL. 

Eight  portions  of  dinucleotide  were  heated  with  5  per  cent  sul- 
furic acid  (20  cc.  per  gm.  of  substance)  for  various  periods  of  time 
from  i  hour  to  7  hours,  and  the  liberated  phosphoric  acid  was 
determined  as  magnesiimi  ammonium  phosphate.  In  addition, 
the  total  phosphoric  acid  of  the  dinucleotide  was  determined  after 
destroying  the  organic  matter.  The  details  of  this  procedure  are 
described  in  former  articles.'  The  results  are  given  in  Table  I 
and  for  comparison  the  results  formerly  obtained  with  yeast 
nucleic  acid  are  given  in  Table  II. 

These  results  are  represented  diagranmiatically  in  Figs.  1  and 
2.  Hours  are  laid  off  as  abscissse  and  amoimts  of  magnesium 
ammoniimi  phosphate  multipUed  by  5  are  laid  off  as  ordinates. 
In  Fig.  1  the  upper  curve  is  the  locus  of  points  that  represent  the 

*  Jones,  W.,  J.  Biol.  Chem.,  1916,  xxiv,  p.  iii;  1916,  xxv,  87.  Germann, 
H.  C,  ibid.,  1916,  xxv.  189. 
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TABLE  I. 

Hydrolysis  of  Adenine-Uraeil  Dinucleolide. 


CorrwUiIfoi 

Atnounl 

Amoupt 

o?S^7^ 

fce 

anrttUoD. 

nu-c^Td. 

tm. 

tm. 

Iri. 

f>. 

rn. 

mt. 

r-> 

0  6536 

0,6340 

\ 

0.1339 

0.211 

5 

0.206 

0.6450 

0,6256 

0  1790 

0.286 

10 

0.276 

0.8110 

0.7867 

2 

0-2724 

0.346 

20 

0.326 

0.7738 

0.7506 

3 

0.2704 

0.360 

30 

0  330 

0.8148 

■  0.7904 

4 

0-2976 

0.377 

40 

0.337 

0.8378 

0.8127 

5 

0,3102 

0.382 

50 

0.332 

0.8165 

0.7910 

6 

0.3129 

0,396 

60 

0.336 

0,9627 

0.9338 

7 

0.3750 

0.402 

70 

0-332 

0.6178 

0,5993 

Total. 

0.4012 

0.669 

)  total  " 

/0.335 

0  5932 

0.5764 

" 

0.3883 

0.675 

\0.338 

TABLE  n. 
Hydrolytit  of  Yeatt  Nucleic  Acid. 


Conwirflor 

Amount 

.±"^-su 

u»d. 

^^^^«. 

DftwliDg. 

.sr,^. 

"X- 

fm. 

tm. 

»M. 

tm. 

im. 

m#. 

tm. 

0.7347 

0.6723 

i 

0.1284 

0.191 

5 

0.186 

08644 

0.7909 

1 

0.2315 

0,292 

10 

0.282 

0.9837 

0.8991 

2 

0,3125 

0.348 

20 

0,328 

0,9261 

0.8465 

3 

0-3038 

0.359 

30 

0.329 

1.0305 

0,9429 

4 

0.3488 

0.371 

40 

0.331 

0.8333 

0.7626 

5 

0-2876 

0.377 

50 

0,327 

0,9927 

0,9083 

6 

0.3565 

0392 

60 

0  332 

0.9667 

0.8845 

71 

0.3625 

0.410 

75 

0.335 

0.817B 

0,7484 

Total. 

0-5112 

0,644 

1  total  = 

0.322 

mount  of  maRnesium  ammonium  phosphate  actually  obtained 
rom  the  dinucleotide  and  it  shows  the  rate  at  which  phosphoric 
.cid  is  liberated  from  both  mononucleotide  groups.  The  several 
)0int3  of  the  lower  curve  are  obtained  by  calculation,  i.e.,  by 
ubtraction  of  the  pyrimidine  correction,  so  that  the  curve  shows 
he  rate  at  which  phosphoric  acid  is  liberated  from  the  purine 
lucleotide  group.  In  Fig.  2  yeast  nucleic  acid  is  similarly 
epresented. 
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Fig.  1. 


/ 


Fig.  2. 


CONCLUSION. 


The  two  figures  are  as  nearly  superimposable  upon  one  an- 
other as  could  reasonably  be  expected.  Therefore,  so  far  as 
concerns  its  phosphoric  acid  linkages  (but  no  farther),  nucleic 
acid  is  composed  of  the  groups  of  two  dinucleotides  identical  with 
one  another  and  identical  with  the  nucleic  acid  itself.  Hence  the 
phosphoric  acid  linkage  (2)  in  the  diagram  below  does  not  exist. 


(1) 


(2) 


(3) 


HO 

\ 

0 

=  P- 

0 

1 

0- 

0 

=  P- 

1 
0 

0- 

0 

=  p- 

1 

0 

0- 

0  =  P-0- 


HO 


/ 
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A^in,  the  two  dinucleotides  must  have  identical  phoBphoric 
acid  linkages.  If  linki^  (1)  exists,  linkage  (3)  must  also;  if 
linkage  (1)  does  not  exist,  linkage  (3)  cannot.  But  it  was  shown 
in  the  preceding  article  that  there  is  no  direct  phoBphoric  add 
linkage  in  adenine-uracil  dinucleotide  and  therefore  none  at  tie 
corresponding  point  in  yeast  nucleic  acid.  Hence  both  linkages 
(1)  and  (3)  are  excluded  and  there  is  no  direct  linkage  of  phos- 
phoric acid  groups  in  the  entire  nucleic  acid  molecule. 

That  the  nucleotide  groups  of  yeast  nucleic  acid  (and  adenine- 
uracil  dinucleotide  as  well)  are  not  united  to  one  another  through 
their  phosphoric  acid  groups  is  proven.  That  this  union  is 
through  the  carbohydrate  groups,  we  conclude  from  the  general 
principles  of  phyaological  chemistry.  The  combination  of  purine 
groups  with  pyrimidine  groufM  or  of  either  with  a  carbohydrate 
group  whose  aldehyde  affinity  is  already  satisfied  is  very  rare 
in  physiological  chemistry.  But  the  polysaccharide  structure  ifl 
sufficiently  common. 

It  is  of  course  possible  to  draw  other  conclusions  that  can  be 
adjusted  to  the  facts,  but  they  all  involve  the  assumption  of 
curious  coincidences  and  compensations  which  would  cause  phoB- 
phoric acid  to  be  liberated  with  equal  ease  from  different  kinds 
of  linkage,  or  that  the  liberation  of  phosphoric  add  from  one 
kind  of  linkage  is  excessively  slower  than  from  another.  After 
careful  consideration  of  such  matters,  we  believe  we  have  drawn 
the  correct  conclusion. 


THE    INFLUENCE    OF    INTRAVENOUS    INJECTION    OF 
WTTTE'S  PEPTONE  UPON  THE  SUGAR  CONTENT 
OF  THE  BLOOD  AND  EPINEPHRINE  HYPER- 
GLYCEMIA AND  GLYCOSURIA. 

By  SHIGENOBU  KURIYAMA. 

{From  the  Sheffield  Laboratory  of  Phyeiological  Chemistry ,  Yale  University , 

New  Haven.) 

(Received  for  publication,  December  11,  1916.) 

Henderson  and  Underbill  reported  that  the  intravenous  injec- 
tion of  peptone  into  dogs  causes  h3rpe]^lycemia  and  glycosuria 
which  they  considered  due  to  an  accompanying  acapnia.  More 
recently  McGuigan  and  Ross  have  stated  that  peptone  adminis- 
tered to  dogs  intravenously  induces  a  notable  h3rpoglycemia  and 
they  ascribe  the  results  obtained  by  Henderson  and  Underbill  to 
anesthesia. 

On  the  other  hand,  Glaessner  and  Pick  claim  that  both  pancre- 
atic juice  and  peptone  can  inhibit  epinephrine  glycosiuia.  If 
Glaessner  and  Pick's  report  is  compared  with  that  of  McGuigan 
and  Ross,  it  is  possible  that  the  inhibitory  influence  of  peptone 
upon  epinephrine  glycosuria  may  be  due  to  the  hypoglycemia 
caused  by  peptone.  But  it  is  also  possible  that  peptone  decreases 
the  permeability  of  the  kidney  for  sugar  and  thus  inhibits  epi- 
nephrine glycosuria,  notwithstanding  that  the  blood  sugar  may  or 
may  not  be  changed  simultaneously.  Though  pancreatic  extract 
has  been  shown  by  many  investigators  to  have  an  inhibitory  influ- 
ence upon  epinephrine  glycosuria,  Leschke  demonstrated  that  an 
intravenous  injection  of  pancreatic  extract  alone  induces  glyco- 
suria. At  the  suggestion  of  Professor  Frank  P.  Underhill,  I  have 
investigated  the  effect  of  peptone  injection  upon  the  sugar  con- 
tent of  the  blood  and  also  upon  epinephrine  hyperglycemia  and 
glycosuria. 

Methods. 

Full-grown  rabbits  were  used.    They  were  fed  on  oats  and  com,  ^ 
greens  being  added  to  the  diet  from  time  to  time.    Water  was 
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given  freely.  The  urine  was  obtained  by  pressure  on  the  bladder 
through  the  abdominal  wall. 

Witte's  peptone  was  always  employed  in  10  per  cent  soluticm 
in  0.9  per  cent  sodium  chloride  solution.  Unless  otherwise  noted, 
the  peptone  solution  was  always  sterilized  by  boiling.  Peptone 
(0.3  to  0.75  gm.  per  Iqlo  of  body  weight)  was  injected  into  an  ear 
vein  without  anesthesia.  Blood  samples  for  sugar  determinatioD 
were  drawn  from  the  other  ear.  For  the  control  experiments  an 
equal  volume  of  0.9  per  cent  sodium  chloride  solution  was  uaed. 
McGuigan  and  Ross  assert  that  gelatin  and  other  proteins  can 
cause  hypoglycemia  as  well  as  peptone.  In  accordance  with  this 
statement  some  experiments  have  been  made  to  test  the  influence 
of  gelatin  and  egg  albumin  upon  blood  sugar  content.  Commer- 
cial gelatin  and  a  preparation  of  egg  albumin  were  made  up  to 
10  per  cent  solution  with  0.9  per  cent  sodium  chloride  solution. 
The  gelatin  solution  was  sterilized  by  boiling,  the  egg  albumin 
solution  being  ilsed  without  sterilization. 

When  peptone  and  epinephrine  were  injected  successively,  pep- 
tone solution  was  first  injected  into  an  ear  vein  and  immediately 
after  that  epinephrine  (adrenalin  chloride  1 :  1000  Parke,  Davis 
and  Company)  was  administered  subcutaneously. 

The  influence  of  intravenous  injection  of  gelatin,  egg  albunun, 
and  also  soluble  starch  upon  epbephrine  hyperglycemia  and  gly- 
cosuria was  studied  in  some  experiments.  The  methods  were  the 
same  as -described  with  peptone  and  epinephrine.  Soluble  starch 
(Kahlbaum)  was  injected  in  10  per  cent  solution,  being  dissolved 
in  0.9  per  cent  sodium  chloride  solution  and  sterilized  by  boiling. 

In  some  cases  body  temperature,  respiration,  and  pulse  rate 
were  determined.  The  body  temperature  was  measured  by  in- 
serting a  thermometer  into  the  rectum  after  collection  of  the  blood 
samples.  Respiration  and  pulse  rate  were  measured  directly  be- 
fore the  taking  of  a  blood  sample. 

The  blood  sugar  was  determined  by  the  Lewis-Benedict  method, 
as  described  by  Miss  McDanell  in  this  laboratory.  The  sugar  in 
the  urine  was  estimated  by  a  Schmidt  and  Haensch  triple  shadow 
saccharimeter  after  removal  of  the  coloring  matters  and  levoro- 
tatory  substances  by  a  saturated  solution  of  mercuric  acetate. 
.Peptone,  gelatin,  and  egg  albumin  added  to  the  urine  were  shown 
not  to  interfere  with  this  method.  For  the  qualitative  tests  of 
sugar  in  the  urine  Benedict's  reagent  was  employed. 
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The  Infiuence  of  Irdravenoua  Injection  of  Witters  Peptone  upon  the 

Sugar  Content  of  the  Blood. 

When  Henderson  and  Underhill  injected.  Witte's  peptone  (0.3 
to  0.63  gm.  per  kilo  of  body  weight)  intravenously  into  dogs,  the 
sugar  content  of  the  blood  increased  as  high  es  0.26  to  0.27  per 
cent  and  the  urine  samples  contained  large  amounts  of  sugar. 
McGuigan  and  Ross  also  injected  Witte's  peptone  intravenously 
into  dogs,  using  doses  of  about  0.12  to  0.66  gm.  per  kilo  of  body 
weight.  In  their  experiments  the  sugar  content  of  the  blood 
reached  a  minimum  about  2  hours  after  the  peptone  injection.  The 
usual  result  was  a  fall  of  the  sugar  to  about  one-half  or  one-third 
of  the  original,  which  in  general  was  much  lower  than  that  re- 
corded by  other  investigators.  In  some  cases  they  observed  a 
transient  and  to  them  insignificant  hyperglycemia  in  the  interval 
between  the  injection  of  peptone  and  the  hypoglycemic  state; 
they  ascribe  this  period  of  hyperglycemia  to  asphyxial  conditions. 
Henderson  and  Underhill  specifically  called  attention  to  the  fact 
that  the  injection  of  Witte's  peptone  induces  respiratory  disturb- 
ances which  they  ascribed  as  being  the  cause  of  the  hyperglycemia 
and  glycosuria  present.  It  is  evident  that  McGuigan  and  Ross 
have  confirmed  thie  contention  of  Henderson  and  Underhill  who 
made  no  statement  concerning  blood  sugar  content  or  glycosuria 
after  peptone  injection  so  arranged  as  to  have  no  relation  to  respir- 
atory disturbances.  It  is  a  well  known  fact  that  peptone  is 
toxic,  when  administered  intravenously  (Underhill,  Popielski). 
Underhill  (1903)  investigated  its  behavior  with  material  of  both 
animal  and  vegetable  origin.  The  susceptibility  to  peptone  is 
not  the  same  in  different  species  of  animals.  An  intravenous 
administration  of  peptone  usually  brings  forth  severe  toxic  symp- 
toms in  dogs  and  sometimes  kUls  the  animals  even  in  the  dose 
used  by  Henderson  and  Underhill  or  McGuigan  and  Ross.  The 
rabbit  is  usually  considered  to  be  less  susceptible  to  peptone. 
Buchner  and  Geret  reported  that  an  intraperitoneal  injection  of 
pure  peptone,  specially  prepared  by  themselves,  in  doses  of  0.2 
gm.  per  kilo  of  body  weight,  killed  rabbits  within  12  hours.  In  my 
own  experiments  the  rabbits  usually  showed  no  severe  symptoms 
except  a  slight  degree  of  prostration  after  an  intravenous  injec- 
tion of  Witte's  peptone  in  doses  of  0.5  to  0.75  gm.  per  kilo  of  body 
weight.    In  a  few  cases  0.5  to  1.0  gm.  of  Witte's  peptone  per  kilo 
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of  body  weight  killed  the  rabbits  immediately  or  in  a  short  time 
In  Buch  c&fies  prostration,  weak  heart  action,  and  convulsion 
were  the  most  noticeable  symptoms.  The  results  of  the  expeii 
mentB  are  shown  in  Table  I. 

TABLE  I. 

The  Itifiuenee  of  Intravenoit*  Injection  of  Wille's  Peptone  upon  the  Suga 
ConUnt  of  the  Blood. 
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From  the  data  in  Table  I,  it  is  evident  that  in  the  rabbit  hypo- 
glycemia  is  not  induced  by  the  intravenous  injection  of  Witters  pep- 
tone,  but,  on  the  contrary y  in  most  cases  a  slight  hyperglycemia  is 
invoked  a  fern  hours  after  the  injection.  Glycosuria  does  not  develop. 
Peptone  injection  had  no  remarkable  influences  upon  the  body 
temperature,  respiration,  and  pulse  rate.  An  excessive  respira- 
tion, which  was  noticed  by  Henderson  and  Underbill  in  dogs, 
could  not  be  demonstrated  distinctly  by  rabbit  experiments. 
The  estimation  of  blood  gases  was  not  made  in  the  present  ex- 
periments. It  cannot  be  stated  here,  therefore,  whether  the  slight 
hyperglycemia,  which  was  foimd  in  most  cases  of  my  experi- 
ments, is  also  due  to  acapnia  or  not. 

To  eliminate  a  possible  error,  which  might  be  caused  by  the 
peptone  itself  circulating  in  the  blood,  a  small  amoimt  of  peptone 
was  added  to  blood  samples  in  vitro,  and  the  sugar  content  of 
the  mixture  was  estimated.  The  results  showed  that  the  method 
employed  for  the  sugar  determination  was  not  interfered  with  by 
peptone  itself. 

Sodium  chloride  can  cause  glycosuria  (salt  glycosuria).  But  in 
order  to  obtain  such  results,  a  large  amoimt  of  saline  solution  must 
be  used.  Underbill  and  Closson  observed  glycosuria  after  in- 
jecting about  90  cc.  of  ^  molecular  sodium  chloride  solution.  In 
their  experiments  the  glycosuria  was  accompanied  by  hypogly- 
cemia. Bang  could  find  neither  glycosuria  nor  hyperglycemia  af- 
ter injecting  about  100  cc.  of  0.9  per  cent  NaCl  solution  (10  cc.  in 
10  minutes).  It  is  a  well  known  fact  that  emotion  sometimes 
causes  glycosuria.  Cannon,  Shohl,  and  Wright  demonstrated 
that  simply  binding  fast  is  enough  to  cause  glycosuria  in  a 
cat.  But  nobody  has  observed  such  emotional  glycosuria  in  rab- 
bits. In  Table  II,  two  control  experiments  with  0.9  per  cent 
sodium  chloride  solution  instead  of  peptone  solution  are  shown. 
The  sugar  content  of  the  blood,  respiration,  pulse  rate,  and  body 
temperature  were  not  markedly  affected. 

McGuigan  and  Ross  demonstrated  that  anesthesia  can  cause 
hyperglycemia.  Epstein,  Reiss,  and  Branower  also  reported  that 
operations  xmder  anesthesia  cause  hyperglycemia  in  human  beings; 
for  example,  before  anesthesia  the  blood  sugar  content  was  0.1 
to  0.13  per  cent,  and  after  operation  0.17  to  0.27  per  cent.  In  my 
experiments  anesthetics  were  omitted.    A  hyperglycemia  was  also 
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TABLE  n. 
Conlrol  Experimenta  mth  Ihe  Saline  Solution. 
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84 
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38.8 

76 
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39.1 

80 
352 
38.6 

88 
276 
39,2 

88 
240 

38.7 

100 
240 
39,4 

88 
240 
38.6 

104 
264 
39,0 

92 
240 
38.6 

96 
264 
38.5 

104 
284 
39.3 

•  This  was  Rabbit  VIII  in  Table  I. 

demonstrated  after  a  considerable  loss  of  blood  (Bang).  In  my 
experiments  the  whole  amount  of  blood  taken  for  sugar  estima- 
tion v/&a  not  large  enough  for  consideration  of  such  a  factor. 

McGuigan  and  Ross  thought  that  peptone  is  more  active  in 
causing  a  lowering  of  the  blood  sugar  when  it  is  dissolved  in  cold 
water  and  not  boiled  after  solution .  In  order  to  find  out  if  there  is 
any  such  difference  between  unboiled  and  boiled  peptone,  unboiled 
peptone  was  injected  into  two  rabbits.  Here  also,  instead  of  low- 
ering blood  sugar,  the  level  was  more  apt  to  increase  (Table  III). 

After  intravenous  administration  of  peptone  the  sugar  content 
of  the  blood  sometimes  increased  as  high  as  0,2  per  cent  or  more 
(Rabbits  I.  II,  and  IV  in  Table  I).  But  in  none  of  the  cases  was 
glycosuria  observed.  When  Epstein  and  his  coworkers  found  a 
shght  hyperglycemia  after  operations  under  anesthesia  they 
could  not  demonstrate  any  glyeoauria.  By  testing  the  renal  func- 
tion with  phenolsulfonephthalein  in  such  cases,  they  found  that 
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TABLE  in. 
The  Influence  of  Inlravendus  Injection  of  Unboiled  Peptone  upon  the  Sugar 

Content  of  the  Blood. 


Rabbit 

t. 

Amount 

of  peptone 

injected 

per  kilo  of 

bodv 

weight. 

Blood  sugar  content  (percentage). 

Before 
injection. 

Hrs.  after  injection. 

No. 

Body 
weight. 

1 

2 

3 

4 

I 
II 

kg. 
2.14 

1.86 

gm. 
0.5 

0.5 

0.10 

0.12 

0.12 
0.15 

0.12 
0.15 

0.17 
0.14 

0.10 
0.14 

the  absence  of  glycosuria  is  due  to  a  change  of  the  renal  permea- 
bility. In  the  case  of  peptone  this  explanation  for  the  absence  of 
glycosuria  seems  to  be  plausible,  as  a  later  description  shows. 

The  Influence  of  Intravenous  Injection  of  Gelatin  and  Egg  Albumin 

upon  the  Sugar  Content  of  the  Blood. 

McGuigan  and  Ross  asserted  that  lowering  of  the  blood  sugar 
is  the  usual  result  of  the  intravenous  injection  of  proteins,  and 
this  was  proved  by  blood  transfusion  and  the  injection  of  gelatin. 
The  results  of  my  experiments  in  this  direction  are  shown  in 
Table  IV. 

TABLE  IV. 

The  Influence  of  Intravenoue  Injection  of  Gelatin  and  Egg  Albumin  upon  the 

Sugar  Content  of  the  Blood. 


Rabbit. 


No. 


Amount  of 
aubetance 
injected 
iwr  kilo 
of  body 
weight. 


Blood  sugar  content  (percentage). 


Before 
injection. 


Hrs.  after  injection. 


Gelatin. 


kg. 

gm. 

I 

1.84 

0.5 

0.11 

0.11 

0.10 

0.10 

0.10 

II 

2.20 

0.5 

0.12 

0.12 

0.13 

0.13 

0.12 

III 

2.20 

0.75 

0.11 

0.11 

0.10 

0.12 

0.11 

Egg  albumin. 


•          IV 

2.20 

0.5 

0.12 

0.13 

0.11 

0.13 

0.11 

V 

1.94 

0.5 

0.12 

0.15 

0.15 

0.15 

0.13 

VI 

1.94 

0.75 

0.11 

0.10 

0.09 

0.09 

0.09 

VII 

2.00 

0.75 

0.12 

0.11 

0.12 

0.14 

0.12 
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jm  these  results  it  is  apparent  that  no  noticeable  injiuma  of 
n  and  egg  albumin  uptm  blood  sugar  content  could  be  odgerwd. 
ler  glycosuria  nor  any  severe  disturbance  of  the  general  con- 
1  of  the  animals  was  observed. 

Influence  of  Inlravenotta  Injection  of  Witte's  Peptone  upon 
Epinephrine  Hyperglycemia  and  Glycosuria. 

lere  are  many  substances  which  are  said  to  inhibit  epinephrine 
>8uria.  Zuelzer,  and  Biedl  and  Offer  reported  that  they  suo- 
id  in  inhibiting  epinephrine  glycosuria  by  injecting  pancreas 
orations.  Biedl  and  Offer  also  obtained  the  same  result  by 
ting  the  thoracic  duct  lymph.  Glaessner  and  Pick  inhibited 
iphrine  glycosuria  by  injecting  pancreatic  juice  or  Witte'a 
3ne.  Investigating  the  relations  of  the  ductless  glands,  Ep- 
iT,  Falta,  and  Rudinger  explained  Zuelzer's  experiihents  by 
ig  that  tile  excess  sugar  mobihzed  by  epinephrine  was  oxi- 
1  by  the  pancreas  extract  injected  simultaneously  and  there- 
was  not  eliminated  in  the  urine. 

is  interesting  to  observe  that  Lescbke  induced  glycosuria  by 
ting  pancreatic  extract,  which  is  said  to  inhibit  epinephrine 
Muria.  Tomaszewski  and  Wilenko  reported  that  sodium 
ide  solution,  which  acts  as  a  lymphagogue,  can  inhibit  epi- 
irine  glycosuria.  As  to  the  influence  of  calcium  chloride  upon 
sphrine  glycosuria,  the  results  of  investigators  are  not  con- 
ant.     Although  Schrank  demonstrated  an  inhibitory  influ- 

of  this  salt,  Underhill  (1916)  was  able  to  cause  a  noticeable 
sase  of  epinephrine  glycosuria.  In  Underbill's  experiments, 
■  subcutaneous  injection  of  calcium  salt,  epinephrine  hyper- 
smia  was  maintained,  but  its  curve  was  distinctly  modified, 
r  confirming  the  results  of  Zuelzer,  Biedl  and  Offer,  and  others, 
Fijrth  and  Schwarz  succeeded  in  inhibiting  epinephrine  gly- 
ria  by  intraperitoneal  injection  of  turpentine  or  aleuroost. 
y  estimated  the  sugar  content  of  the  blood,  nitrogen,  sodium 
ride,  and  sugar  content  of  the  urine,  and  reached  the  conclu- 

that  the  inhibitory  influence  of  pancreas  preparations,  tur- 
bine, or  aleuronat  upon  epinephrine  glycosuria  is  not  specific, 
is  due  to  the  damage  of  the  renal  function.  They  added  that 
damage  of  the  kidneys  cannot  be  judged  by  the  amount  of 
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urine  alone,  as  in  some  cases  the  amoimt  was  not  at  all  aflFected, 
while  the  glycosuria  was  markedly  decreased. 

So  far  as  I  am  aware,  the  only  investigation  of  the  influence 
of  peptone  upon  epinephrine  glycosuria  is  that  reported  by  Glaess- 
ner  and  Pick.  According  to  their  description,  when  a  dog  weigh- 
ing 6.8  kg.  received  5  cc.  of  epinephrine  solution  subcutaneously, 
5  gm.  of  sugar  were  foimd  in  425  cc.  of  the  urine,  but  4  days  later 
when  it  received  2  gm.  of  Witte's  peptone  intravenously,  and  5 
cc.  of  epinephrine  solution  siibcutaneously,  no  sugar  was  found 
m  400  cc.  of  the  urine.    The  blood  sugar  was  not  estimated. 

My  experiments  were  made  with  rabbits  and  the  results  are  de- 
tailed in  Table  V.  As  some  rabbits  could  not  tolerate  1  mg.  of 
epinephrine  and  0.6  gm.  of  peptone  per  kQo  of  body  weight,  the 
amount  of  peptone  was  reduced  to  0.3  to  0.35  gm.  per  kilo  of  body 
weight. 

It  is  to  be  noted  from  Table  V  that  the  grade  of  hyperglycemia 
pradiuxd  by  epinephrine  was  not  markedly  changed  by  an  intrave- 

TABLE  v. 
The  Influence  of  Intravenous  Injection  of  Witters  Peptone  upon  Epinephrine^ 

Hyperglycemia  and  Glycosuria. 


Amount  of 
substance 

Blood  sugar  content  (percentage). 

Rabbit. 

injected 
per  kilo  of 

Urine  (in  7i  hrs.)  < 

• 

body 
weight. 

a 
.9 

Hrs.  after  injection. 

No. 

• 

1 

kg. 

Is 

H 
mg. 

• 

1 

H 

3 

4* 

6 

7» 

Vol- 
ume. 

Sugar. 

gm. 

oe. 

p«r 
cent 

gm. 

Ia* 

2.06 

1.0 

0.10 

0.31 

0.32 

0.31 

0.28 

0.15 

128 

3. 31 

4.24 

Ib 

2.08 

1.0 

0.3 

0.11 

0.27 

0.30 

0.29 

0.27 

0.19 

108 

0.48 

0.51 

Ic 

2.04 

1.0 

0.32 

0.34 

100 

3.20 

3.20 

n 

1.S4 

1.0 

0.13 

0.35 

0.32 

0.30 

0.25 

0.20 

140 

2  50 

3.68 

III 

1.64 

1.0 

0.6 

0.12 

0.32 

0.30 

0.13 

0.10 

0.09 

144 

0.19 

0.27 

IV 

1.92 

1.0 

0.5 

0.11 

0.26 

0.24 

0.32 

0.36 

0.32 

49 

0.61 

0.30 

Va" 

2.16 

1.0 

0.35 

0.11 

0.28 

0.30 

0.33 

0.31 

0.26 

60 

0.21 

0.13 

Vb 

2.10 

1.0 

• 

0.36 

0.33 

53 

3  94 

2.09 

•  Three  experiments,  Ia,  Ib,  and  Ic,  were  carried  through  with  Rabbit 
I  at  intervals  of  1  week. 

••Two  experiments,  Va  and  Vb,  were  carried  through  with  Rabbit  V 
with  an  interval  of  1  week. 
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nous  injection  of  peptone.  But  epinephrine  glycosuria  was  distinctly 
decreased  by  peptone.  Averaging  the  amounts  of  sugar  in  the  urine, 
3.S  gm.  of  sugar  were  eliminated  after  the  injection  of  epinephrine 
alone,  while  the  amoimt  of  sugar  was  only  0,3  gm.  when  peptone 
was  injected  simultaneously.  It  is  a  well  known  fact  that  the 
same  dose  of  epinephrine  may  not  produce  the  same  degree  of  gly- 
cosuria in  two  different  animals  or  in  the  same  animal  at  diflferent 
periods.  But  this  seems  to  be  insufficient  to  explain  the  data 
described  above.  The  explanation  of  the  decrease  of  epinephrine 
glycosuria,  suggested  by  von  Ftirth  and  Schwarz,  when  pancreas 
preparations,  turpentine,  or  aleuronat  were  injected  simultane- 
ously, i,e,f  the  damage  of  the  renal  function,  may  be  applied 
here.  Their  statement  that  the  renal  permeabiUty  for  sugar  can- 
not be  judged  by  the  amount  of  urine  only  is  also  here  confirmed. 
The  absence  of  glycosuria,  where  a  significant  hyperglycemia  was 
caused  by  administration  of  peptone  alone  (Table  I),  may  also  be 
explained  in  the  same  manner. 


The  Influence  of  Intravenous  Injection  of  Gelatin^  Egg  Atbumin, 
and  Soluble  Starch  upon  Epinephrine  Hyperglycemia'  and 

Glycosuria. 

When  gelatin  or  egg  albiunin  was  injected  intravenously  just 
before  epinephrine  (1  mg.  per  kilo  of  body  weight)  injection,  the 
amount  of  both  gelatin  and  egg  albumin  had  to  be  reduced  so  as 
to  be  less  than  0.2  gm.  per  kilo  of  body  weight.  All  rabbits  in 
which  gelatin  or  egg  albiunin  was  injected  with  a  dose  over  0.2 
gm.  per  kilo  of  body  weight  died  immediately  or  within  a  few 
hours.  The  heart  action  was  markedly  aflfected.  It  is  conceiv- 
able that  the  colloidal  nature  of  the  protein  injected  may  be  re- 
sponsible for  the  death  of  the  animals  after  epinephrine  intro- 
duction. To  determine  this  point  experiments  have  been  carried 
through  with  a  colloidal  solution  of  a  different  nature,  soluble 
«tarch.  When  soluble  starch  was  employed  in  place  of  gelatin 
or  egg  albumin^  the  general  condition  of  the  animal  was  not 
changed.    The  results  are  shown  in  Table  VI. 

It  is  to  be  noted  from  Table  VI  that  the  grade  of  hyperglycemia 
called  forth  by  epinephrine  was  not  markedly  changed  by  the  in- 
travenous injection  of  gelatin  or  egg  albumin;  but  epinephrine  gly- 
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TABLE  VI. 
The  Influence  of  Intravenous  Injection  of  Gelatin,  Egg  Albumin,  and  Soluble 
Starch  upon  Epinephrine  Hyperglycemia  and  Glycosuria. 


Rabbit. 

Amount  of 

substance  injected 

per  Idlo  of  body 

weight. 

Blood  sugar 

content 
(percentage). 

Urine  (in  7J  hrs.). 

No. 

Body 
weight. 

Epineph- 
rine. 

Gelatin, 

albumin. 

or 

soluble 

•tarch. 

Uhrs. 
after  in- 
jection. 

3hr8. 
after  in- 
jection. 

.Volume. 

Sugar. 

Gelatin. 


kg. 

mg. 

gm. 

ee. 

peroBnt 

gn. 

I 

1.66 

0.75 

0.2 

0.21 

37 

0 

0 

II 

1.46 

1.0 

0.15 

0.31 

0.34 

59 

0.77 

0.45 

III 

2.24 

1.0 

0.15 

0.31 

0.32 

131 

0.85 

1.11 

Egg  albumin. 


IV 
V 


1.68 

1.0 

0.15 

0.29 

0.37 

35 

1.03 

1.70 

1.0 

0.075 

0.28 

0.31 

109 

0.63 

0.36 
0.69 


Soluble  starch. 


VI 

2.54 

0.5 

0.11 

0.10 

109 

0 

0 

VII 

2.36 

1.0 

0.25 

0.41 

0.39 

104 

1.51 

1.57 

VIII 

2.28 

1.0 

0.5 

0.37 

0.37 

86 

3.53 

3.04 

cositria  was  distinctly  decreased  by  them.  Solvble  starch  seems  to 
have  no  marked  influence  upon  either  hyperglycemia  or  glycosuria. 

When  soluble  starch  was  injected  without  epinephrine  (Rabbit 
VI  in  Table  VI),  the  sugar  content  of  the  blood  showed  a  normal 
value.  The  urine,  collected  7§  hours  after  the  injection,  con- 
tained no  reducing  sugar,  but  showed  a  strong  dextrorotation. 
When  Mendel  and  Mitchell  injected  soluble  starch  intraperi- 
toneally  into  a  dog  and  a  rabbit,  they  found  a  dextrorotatory  sub- 
stance in  the  urine,  and  considered  this  substance  as  the  injected 
carbohydrate  altered  only  slightly,  if  at  all.  Owing  to  the  pres- 
ence of  such  a  dextrorotatory  substance,  which  cannot  be  re- 
moved by  mercuric  acetate,  the  urinary  sugar  of  the  starch  ex- 
periments was  estimated  by  Pfliiger's  gravimetric  method. 

Ellinger  and  Seelig  demonstrated  that  severe  bacterial  infection 
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and  cantbaridjne  nephritia  markedly  dimjuish  epinephrine  ^y- 
coeuria  in  rabbits.  Under  these  drcumstances  the  functioD  of 
the  Iddneys  was  severely  affiscted,  the  urine  containing  a  laige 
amount  of  blood  or  protein,  and  the  volume  of  the  urine  being 
distinctly  diminished. 

Injecting  Witte's  peptone  and  egg  whit«  subcutaneously  into 
rabbits,  de  Waele  and  Vandevelde  studied  the  fate  of  the  injected 
substances.  Witte's  peptone  was  injected  in  doses  of  0.2  to  1.0 
gm.,  egg  white  in  doses  of  10  to  25  cc.  The  function  of  the  kidneys 
was  not  markedly  impaired.  On  the  whole,  the  difference  be- 
tween the  urine  volume  and  nitrogen  elimination,  before  and  after 
the  injection,  was  very  slight.  When  peptone  was  injected, 
traces  of  albumin  or  peptone  were  sometimes  found  in  the  juine. 
After  the  injection  of  egg  white,  a  small  amount  of  protein  and 
also  sometimes  a  trace  of  peptone  were  demonstrated  in  the  urine. 
Though  the  test  of  the  renal  function  by  nitrogen  or  chloride 
estimation  was  not  made  in  my  present  work,  it  is  obvious  that 
the  renal  permeabihty  for  sugar  is  distinctly  decreased  by  in- 
travenous injection  of  gelatin  and  egg  albumin,  notwithstanding 
that  the  urinary  flow  was  not  always  affected.  It  is  interesting 
to  note  that  soluble  starch,  which  has  a  colloidal  character  as  well 
as  peptone,  gelatin,  and  egg  albumin,  behaves  differently  in  this 
respect. 

SUMUABY. 

The  blood  sugar  content  of  rabbits  shows  a  tendency  to  in- 
crease after  intravenous  injection  of  Witte's  peptone  in  doses  at 
0.5  to  0.75  gm.  per  kilo  of  body  weight. 

When  hyperglycemia  obtains,  it  continues  for  a  few  hours 
only. 

In  no  case  was  there  any  evidence  of  a  hypc^lycemia  allc^ 
by  McGuigan  and  Ross  to  be  induced  in  dogs  by  peptone  injection. 

In  the  present  investigation  no  difference  could  be  observed 
upon  the  blood  sugar  content  between  boiled  and  unboiled  peptone 
solution. 

The  intravenous  injection  of  gelatin  or  egg  albumin  has  Httle 
or  no  influeni-e  upon  the  sugar  content  of  the  blood. 

AltluHigh  an  intravenous  injection  of  peptone  may  be  without 
marked   influence  upon    epinephrine    hyperglycemia,  glycosuria 
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is  distinctly  diminished.  The  influence  of  peptone  is  ascribed  to 
a  possible  change  'in  renal  permeability  for  sugar. 

The  influence  of  intravenous  injection  of  gelatin  and  e^  al- 
bumin upon  epinephrine  hyperglycemia  and  glycosuria  is  appar- 
ently the  same  as  that  described  for  peptone. 

The  fatal  results  experienced  with  a  combination  of  protein  and 
epinephrine  injections  cannot  be  ascribed  to  the  colloidal  character 
of  the  proteins,  since  soluble  starch  is  without  any  detrimental 
influence  under  similar  experimental  conditions.  Soluble  starch 
exerts  no  action  upon  blood  sugar  content  of  normal  rabbits  or 
upon  epinephrine  hyperglycemia  and  glycosuria. 

I  desire  to  express  my  thanks  to  Professor  Frank  P.  Under- 
bill for  his  suggestions,  help,  and  criticism,  and  also  to  Professor 
Lafayette  B.  Mendel  for  his  advice. 
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VARIATION  IN   THE  AMOUNT  OF  PHOSPHATIDES  IN 
THE  CORPUS  LUTEUM  OF  THE  SOW 
DURING  PREGNANCY.* 

By  GEORGE  W.  CORNER. 
{From  the  Anatomical  Laboratory  of  the  University  of  Calif omia,  Berkeley,) 

(Received  for  publication,  January  2,  1917.) 

Morphological  studies  of  the  corpus  luteum  have  led  several  in- 
vestigators to  the  view  that  the  lutein  cells  contain  considerable 
amounts  of  lipoids.  Chauffard,  Laroche,  and  Grigaut,^  for  in- 
stance, have  laid  emphasis  upon  the  cholesterol  content  of  the 
organ,  Cesa-Bianchi^  and  others  upon  the  lecithin  or  upon  lipoid 
bodies  of  a  less  definitely  indicated  nature.  A  direct  chemical 
confirmation  of  these  results  has  been  given  by  the  recent  analyses 
of  Fenger*  who  finds  that  the  corpora  lutea  of  pregnant  cows  con- 
tain about  thirteen  times  as  great  an  amount  of  petroleum  ether- 
soluble  phosphorus  as  lean  musclei  which  he  took  as  a  standard 
of  comparison. 

The  author  has  been  investigating  the  microchemical  reac- 
tions of  the  lutein  cells  of  swine,  and  has  also  concluded  that 
these  cells  contain  an  imusual  amoimt  of  a  lipoid  or  mixture  of 
lipoids  of  the  phosphatide  group.    In  this  species,  the  treatment 

*  An  account  of  the  cytological  side  of  the  work  will  appear  in  the  Ana- 
temieal  Record  at  an  early  date.  The  writer  wishes  to  express  his  thanks 
to  Professor  T.  Brailsford  Robertson  for  advice  on  matters  of  biochemistry, 
and  for  the  privileges  of  his  laboratory;  and  to  Mr.  Ralston  B.  Brown, 
Superintendent  of  the  Oakland  Meat  Company,  for  provision  of  fresh 
tissues. 

*  Chauffard,  A.,  Laroche,  G.,  and  Grigaut,  A.,  Fonction  cholest^rini- 
g^nique  du  corps  jaune,  Compt.  rend.  Soc.  6toZ.,  1912,  Ixxii,  223,  265. 

*  Cesa-Bianchi,  D.,  Di  alcune  particolarit&  di  strutturi  e  dei  fenomeni 
di  secresione  del  corpo  luteo,  Internal.  Monatschr.  Anat.  u.  Physiol.,  1908, 

XXV,  1. 

'  Fenger,  F.,  Phosphatides  in  the  ductless  glands,  /.  Biol.  Chem.,  1916, 
xxvii,  303. 
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of  the  corpus  luteum  with  slow  aqueous  fixing  fluids  causes  the 
rounding  up  into  droplets  of  a  substance  which  during  the  life 
of  the  tissue  is  diffusely  present  in  the  periphery  of  the  cells. 
The  droplets  thus  caused  to  appear  are  soluble  in  alcohol  of  60 
per  cent  or  stronger,  in  ether,  chloroform,  acetone,  benzene,  and 
xylene;  they  stain  blue  with  Nile  blue  sulfate,  pale  brick  red 
with  neutral  red,  yellowish  with  osmium  tetroxide  (changing  to 
gray  in  alcohol),  are  positive  with  Ciaccio's  method,  and  give  a 
brown  lake  with  Weigert's  hematoxylin ;  they  are  not  anisotropic. 

Alcoholic  extracts  of  the  corpora  lutea  of  swine  contain^  mixed 
with  neutral  fat,  a  fat-like  substance  of  pasty  consistence  which 
is  yellowish  in  color,  readily  becoming  brown  in  the  air,  and  pre- 
senting a  characteristic  "greasy"  odor.  It  gives  microchemical 
reactions  exactly  Uke  those  mentioned  above  for  the  droplets  in 
the  cells,  except  that  as  it  rounds  into  spheres  when  in  contact 
with  water,  the  spheres  are  momentarily  anisotropic. 

The  tests  cited  indicate  that  the  substance,  thus  revealed  by 
a  fortimate  artifact  of  fixation,  is  probably  a  lipoid  or  lipoid  mix- 
ture of  the  phosphatide  series,  containing  perhaps  a  fatty  acid 
(suggested  by  the  partial  reduction  of  osmium  tetroxide).  Al- 
though Fenger  has  shown  the  presence  of  large  amoxmts  of  phos- 
phatides in  the  corpora  lutea  of  cows,  the  microscopical  appear- 
ances described  above  cannot  be  found  in  this  species.  Perhaps 
the  lipoids  are  here  in  a  less  oily  condition,  not  roxmding  up  in 
water  so  readily;  or  they  are  dissolved  in  other  cell  lipoids  which 
themselves!  do  not  produce  the  peculiar  spheres  which  have  been 
mentioned.  In  the  dog  the  appearances  are  exactly  as  in  swine, 
and  certain  bodies  seen  by  Cohn*  in  the  lutein  cells  of  rabbits 
are  almost  certainly  due  to  the  same  cause. 

But  the  point  of  greatest  interest  is  that  the  lipoid  made  visible 
by  this  method  is  present  only  during  the  earlier  part  of  preg- 
nancy, and  cannot  be  detected  after  about  the  middle  of  the  term. 
Chemical  estimations  of  the  alcohol-soluble  phosphorus  in  the 
corpora  lutea  of  swine  also  show  a  decrease  in  the  amoimts  of 
the  phosphatides  in  the  advancing  stages  of  pregnancy.  In  order 
to  determine  this  point,  the  ovaries  of  sows  at  desired  stages  were 
removed  immediately  after  slaughtering,  and  the  corpora  lutea 

*  Cohn,  F.,  Zur  Histologie  und  Histogenese  des  Corpus  luteum  und  des 
interstitiellen  Ovarialgewebes,  Arch.  mikr.  Anat.,  1903,  Ixii,  745. 
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were  shelled  out  of  their  capsules.  The  substance  was  desiccated 
by  grinding  in  a  mortar  with  three  times  their  quantity  by  weight 
of  a  mixtiure  of  equal  parts  of  anhydrous  sodium  and  calcium 
sulfates,  and  dr3ring  the  resultant  paste  to  a  powder  over  a  water 
bath  (Leathes*).  The  coarse  powder  was  more  finely  pulverized 
and  extracted  with  absolute  alcohol  in  the  Soxhlet  apparatus 
for  3  days.  Portions  of  the  extract  representing  5  gm.  of  the 
fresh  gland  were  examined  for  phosphorus  by  von  Wendt's  modi- 
fication of  Nemnann's  method.*  In  the  following  table  the  phos- 
phorus is  expressed  as  PsOt,  the  figures  therefore  giving  a  relative 
indication  of  the  amount  of  alcoholnsoluble  phosphorus-con- 
taining substances  at  the  given  stages. 

PsO»  per  fm.  of 
freoD  tiflfliM. 

Embryos  7  to  13  mm.  long  (early  pregnancy) 0.63 

Fetuses  08  to  140  mm.  long  (middle  pregnancy) 0.43 

Fetuses  190  to  270  mm.  long  (late  pregnancy) 0.39 

It  cannot  be  too  strongly  emphasized  that  the  corpus  luteum 
is  a  very  rapidly  changing  tissue.  From  the  day  of  its  sudden 
appearance  imtil  its  atrophy,  perhaps  months  later,  its  morpho- 
logical appearance  is  in  constant  flux,  and  chemical  studies  must 
in  the  end  be  made  with  corpora  lutea  collected  at  known  stages 
of  the  reproductive  cycle,  if  they  are  to  throw  any  light  upon  the 
physiology  of  the  gland.  The  question  naturally  arises  as  to  the 
rdle  of  the  lipoids  of  the  corpus.  Robertson^  has  shown  that  the 
bodies  of  yoimg  animals  contain  a  much  higher  percentage  of 
&lcohol-6oluble  phosphorus  than  those  of  the  old.  The  corpus 
luteum  of  early  pregnancy  is,  in  eflfect,  an  islet  of  juvenile  tis- 
sue among  the  older  cells  of  its  host.  Is  the  larger  amoimt  of 
phospholipins,  at  this  stage,  merely  an  accompaniment  of  the 
youthfulness  of  the  organ,  or  is  it,  as  Fenger  suggests,  con- 
nected with  the  special  secretory  activities  of  the  cells?  The 
question  offers  possibilities  of  experimental  test. 

*  Leathes,  J.  B.,  The  Fats,  London,  1910. 

•  Von  Wendt,  G.,  Untersuchung  tiber  den  Eiweiss-  und  Sali-Stoffwechsel 
beim  Menschen,  Skandin.  Arch,  PhysioL,  1905,  xvii,  211. 

^  Robertson,  T.  B.,  Experimental  studies  on  growth.    II.  The  normal 
growth  of  the  white  mouse,  /.  BxoL  Chem.,  1916,  xxiv,  380. 


A  POTENTIOMETER  FOR  THE  DE- 
TERMINATION OF  HYDROGEN  ION 
CONCENTRATION   IN  SOLUTIONS 


"TTIE  POTENTIOMETER  illuttnted  above  is  now  being  nied  by  a  number  of 
investigators  for  meanuing  the  E.  M.  F.  between  the  Hydrogen  and  Calomel 
electrodes  in  Hydrogen  Ion  Concentration  dcterminationa.  It  is  rapidly  replacing 
the  electrometer  for  such  work  for  the  following  reasons:  first,  it  is  much  more  sensi- 
tive than  the  electrometer;  second,  its  use  docs  not  entail  the  annoying  delays 
met  vrith  in  the  use  of  the  electrometer  when  overcharged  and  thus  polarized. 

The  Leeds  and  Northnip  Potentiometer  has  two  ranges.  Normally  measure- 
merits  may  be  made  up  to  1.6  volts  by  steps  of  .00001  volt.  A  range  changing 
plug  eiubles  measurements  to  be  made  up  to  .16  volt  by  steps  of  .000001   volt. 

The  precisian  of  adjustment  is  such  that  on  the  high  range  measurements  ^m 
.  I  volt  up  may  be  made  to  a  precision  of  better  than  I  /30%.  On  the  low  range 
measurements  from  .01  volt  up  may  be  made  to  the  same  degree  erf  precision. 

The  instrument  and  its  accessories  require  little  or  no  attention.  Its  manipu- 
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THE  VITAMINE  CONTENT  OF  BREWERS'  YEAST. 

By  ATHERTON  SEIDELL. 

(Prom  the  Hygienic  Laboratory,  United  States  Public  Health  Service, 

Waahington,  D,  C.) 

(Received  for  publication,  January  12,  1917.) 

On  account  of  the  relation  between  the  consumption  of  pol- 
ished rice  and  the  disease  beri-beri,  the  early  conceptions  of 
yitamine  were  for  the  most  part  obtained  from  studies  of  rice  pol- 
ishings.  It  was  soon  shown,  however,  that  curative  fractions 
could  be  obtained  from  other  sources.  Among  these  ordinary 
brewers'  yeast  was  found  to  be  relatively  rich  in  vitamine,  and 
since  it  is  a  product  which  has  so  far  not  been  extensively  util- 
ized in  other  ways,  it  may  be  considered  a  favorable  raw  ma- 
terial for  vitamine  studies. 

Bottom  yeast  remaining  after  fermentation  of  the  beer  consists  of  a 
thick  cream-colored  mush.  On  warming,  it  rapidly  expands  with  the 
evolution  of  carbon  dioxide.  The  residual  beer  in  it  can  be  readily  re- 
moved by  pressing  in  a  hydraulic  or  other  suitable  press.  The  amount  of 
liquid  thus  removed  is  equal  to  about  one-third  to  one-half  of  the  weight 
of  the  original  mass.  The  press  cake  when  dried  in  a  rapid  current  of  air 
yields  brownish  brittle  lumps  which,  if  kept  in  a  dry  place,  apparently  re- 
main unchanged  for  long  periods.  If  the  fresh  press  cake  is  warmed  to 
a  temperature  of  about  37. 5^*  C.  for  24  to  48  hours,  it  autolyzes  more  or  less 
completely  and  yields  a  thick  slimy  liquid.  This  latter  can  be  filtered  only 
with  great  diflSculty.  A  clear  filtrate  can  best  be  obtained  from  it  on  a 
laboratory  scale  by  use  of  large  glass  funnels  and  folded  filter  papers.  It 
has  been  found  that  the  yield  of  clear  red-brown  filtrate  corresponds  usu- 
ally to  about  one-half  the  weight  of  the  thick  unfiltered  liquid.  The  res- 
idue on  the  filter  no  doubt  retains  a  considerable  amount  of  the  vitamine, 
but  so  far  a  satisfactory  method  for  making  a  more  complete  separation 
of  the  liquid  and  undigested  solids  has  not  been  found.  If  autolyzed  yeast 
filtrate  is  kept  in  a  cool  place,  it  apparently  remains  unaltered  for  several 
months,  except  for  the  gradual  deposition  of  a  sediment,  which  appears  to 
be  greater  the  lower  the  temperature. 

Activity  of  Autolyzed  Yeast  Filtrate, — ^In  order  to  ascertain 
what  quantity  of  autolyzed  yeast  filtrate  is  required  to  counter- 
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balance  the  deficiency  of  an  exclusive  diet  of  polished  rice,  the 
following  feeding  experiments  were  made  on  pigeons.  The  re- 
sults are  shown  in  Charts  1  and  3.^  For  the  sake  of  comparison, 
the  data  for  a  large  number  of  control  pigeons  fed  on  polished 
rice  at  various  times  diu'ing  the  course  of  the  investigation  are 
given  in  Chart  2. 

Briefly,  the  experiments  were  made  in  all  cases  as  follows: 
Groups  of  pigeons  were  kept  in  cages  and  given  only  water  and 
polished  rice.  Each  pigeon  was  weighed  every  2nd  or  3rd  day, 
and  the  designated  amount  of  the  yeast  filtrate  administered  with 
the  aid  of  a  small  rubber  tube.  The  figures  for  the  abscissse  in 
the  charts  show  the  percentage  change  in  weight  as  found  by  divid- 
ing the  observed  weight  from  day  to  day  by  the  average  weight  of 
the  bird  for  several  days  just  preceding  the  experiment.  The 
ordinates  show  the  days  the  experiments  were  continued.  From 
these  charts  it  is  seen  that  whereas  control  birds  (Chart  2)  re- 
ceiving only  polished  rice  decline  to  about  65  to  75  per  cent  of 
their  original  weight  and  develop  typical  pol3rneuritis  within 
about  15  to  30  days,  the  birds  which  received  doses  of  as  little  as 
1.0  cc.  of  yeast  filtrate  (Chart  1)  on  alternate  days  lived  for  at 
least  3  months  with,  in  two  cases,  no  significant  change  in  weight, 
and  in  a  third  a  loss  of  approximately  25  per  cent  of  its  original 
weight,  without  showing  symptoms  of  pol3rneuritis.  The  birds 
receiving  3  cc.  doses  of  the  yeast  filtrate,  except  in  one  case, 
which  was  probably  a  young  growing  bird,  gained  practicaUy  no 
more  in  weight  than  the  birds  receiving  1  cc.  doses  of  the  fil- 
trate. It  is  probable,  therefore,  that  more  than  the  minimiun 
amount  of  vitamine  required  to  maintain  normal  weight  is  not 
utilized  in  the  organism. 

In  the  case  of  the  bird  which  received  0.5  cc.  of  the  autolyzed 
yeast  filtrate  on  alternate  days  (Chart  1),  a  marked  loss  in  weight 
occurred.  Unfortunately  this  bird  died  on  the  43rd  day,  prob- 
ably of  some  other  cause  than  polyneuritis.  The  bird  which  re- 
ceived 0.3  cc.  of  the  filtrate  on  alternate  days  proceeded  in  the 
typical  manner  to  the  development  of  polyneuritis  on  the  38th 
day. 

*  The  data  for  Chart  3  were  kindly  furnished  by  Mr.  R,  R.  Williams,  of 
the  Bureau  of  Chemistry. 
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Considering  the  results  shown  in  Chart  3  it  is  seen  that  1.0  cc. 
doses  of  the  sample  of  yeast  filtrate  here  used  failed  to  protect 
the  birds  against  a  rapid  loss  in  weight.    This  sample  had  been 
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Chart  2.  The  rates  of  decline  in  weight  of  pigeons  fed  exclusively  on 
polished  rice.  The  termination  of  the  lines  indicates  development  of  tjrpi- 
cal  polyneuritic  paralysis  or  death  of  the  pigeon.  The  curves  represent 
the  average  loss  in  weight.  The  actual  points  show  irregularities  due  to 
daily  variation  in  quantity  of  food  eaten  by  the  pigeon. 

'  kept  in  a  cool  place  for  several  months  preceding  its  use  and 
may  have  suffered  some  deterioration  or  may  possibly  have 
contained  less  vitamine  in  the  first  place  than  was  present  in  the 
filtrate  used  in  the  experiment  recorded  in  Chart  1.    It  is  of 
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interest  to  note  that  an  increase  of  the  dose  to  2.0  cc.  soon  over- 
came the  deficiency  and  caused  an  increase  in  the  weight  of  the 
birds.  This  experiment  appears  to  indicate  that  a  comparatively 
slight  deficiency  from  the  minimum  daily  vitamine  requirements 
will  result  in  a  perceptible  loss  in  weight,  and  the  restoration  of 
this  deficiency  will  be  eventually  followed  by  an  increase  in  the 
weight. 
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Chart  3.  The  change  in  weight  of  pigeons  fed  on  polished  rice  and 
given  doses  of  autolyzed  yeast  filtrate  on  alternate  da3rs.  Each  bird  re- 
ceived 1.0  cc.  doses  from  the  1st  to  the  17th  day  and  2.0  cc.  doses  there- 
after. The  actual  weighings  are  indicated  on  the  chart.  The  lines  are 
intended  to  represent  the  average  of  these  points. 

From  these  results  it  is  apparent  that  I^ss  than  1.0  cc.  of  auto- 
lyzed yeast  filtrate  given  on  alternate  days  to  a  pigeon  fed  only 
on  polished  rice  is  insuflScient  to  prevent  loss  in  weight  and  eventr 
ual  development  of  polyneuritis.  This  quantity  may  in  some 
cases  be  less  than  enough  to  prevent  loss  in  weight,  and  in  others 
be  entirely  adequate.     It  is,  therefore,  probable  that  the  quan- 
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tity  of  vitamine  in  0.5  cc.  of  filtrate  from  autolyzed  pressed 
brewers'  yeast,  freshly  prepared  as  described  above,  is  Just 
sufficient  to  supply  the  daily  vitamine  requirement  of  a  grown 
pigeon  of  average  size. 

Activity  of  Dried  Yeast. — In  order  to  compare  the  activity  of 
dried  yeast  with  that  of  the  autolyzed  material,  a  feeding  experi- 
ment similar  to  the  above  was  made  with  several  samples  of  dried 
yeast.  Of  these,  one  was  prepared  in  the  laboratory  by  simply 
blowing  a  rapid  current  of  air  over  a  thin  layer  of  fr^hly  pressed 
brewers'  yeast  for  about  24  hours  or  imtil  it  was  dry  and  brittle. 
Two  of  the  samples  were  kindly  prepared  by  the  Wittemann 
Company  of  Buffalo,  with  the  aid  of  an  apparatus  consisting  of 
two  steam  heated  rotating  drums  (steam  pressure  avera^g 
about  35  pounds  per  square  inch)  between  which  the  yeast 
passes  and  from  which  the  dried  material  is  scraped  after  be- 
ing in  contact  with  the  heated  drimis  for  approximately  40 
seconds.  Of  these  two  samples,  one  was  prepared  from  the  fresh 
brewers'  yeast  just  as  obtained  from  the  brewery,  the  other  was 
made  from  brewers'  yeast  which  was  first  allowed  to  autolyze 
in  a  warm  place  for  48  hours  previous  to  being  put  through  the 
drying  apparatus.  The  samples  described  above  were  desig- 
nated, for  convenience,  laboratory  dried  yeast,  Wittemann  dried 
fresh  yeast,  and  Wittemann  dried  autolyzed  yeast. 

The  results  of  the  feeding  experiment  on  pigeons  made  with 
these  three  samples  are  shown  in  Chart  4.  The  dose  of  the  dried 
products  selected  for  this  experiment  was  estimated  to  be  approxi- 
mately equivalent  to  the  quantity,  viz.,  1.0  cc.  of  clear  autolyzed 
yeast  filtrate,  which,  as  shown  in  Chart  1,  appeared  to  be  just 
sufficient  to  replace  the  deficiency  of  a  polished  rice  diet.  Total 
solids  determinations  on  autolyzed  yeast  filtrate  (sp.  gr.  1.06  at 
15°C.)  showed  an  average  of  about  0.2  gm.  per  1.0  cc.  It  would 
be  expected  that  the  unfiltered  autolyzed  yeast  (which  of  course 
is  equivalent  weight  for  weight  to  fresh  pressed  yeast)  would 
contain  approximately  0.25  gm.  of  dry  residue  per  1.0  cc.  Direct 
determination  on  freshly  pressed  yeast  showed  a  moisture  con- 
tent of  about  75  per  cent.  It  appears,  therefore,  reasonable  to 
assume  that  the  0.25  gm.  dose  of  dried  yeast  used  in  the  experi- 
ment is  approximately  equivalent  in  potential  vitamine  to  1.0  cc. 
of  autolyzed  yeast  filtrate. 
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On  comparing  the  weight  curves  in  Chart  4  with  those  in  Chart 
1,  it  is  seen  that  considerably  less  protection  was  afforded  by 
the  dried  products  than  was  found  for  presumably  equivalent 
doses  of  the  clear  Uquid  filtrate.  It  seems,  therefore,  probable 
that  to  replace  a  given  diet  deficiency  somewhat  larger  quanti- 
ties of  dried  yeast  than  of  autolyzed  yeast  are  required. 

Influence  of  Autolysis  upon  Yeast  Vitamine, — Considering 
further  the  results  shown  in  Chart  4,  it  is  seen  that  Birds  171, 
175,  and  176,  which  received  the  dried  fresh  yeast,  lost  consider- 
ably more  weight  on  a  rice  diet  than  Birds  179  and  180,  which 
received  the  dried  autolyzed  product.  The  only  diflference  in 
the  two  cases,  as  already  pointed  out,  was  that  one  lot  of  the 
brewers'  yeast  was  allowed  to  autolyze  before  being  dried  and 
the  other  Was  not.  The  experiment  appears,  therefore,  to  show 
conclusively  that  autolysis  increases  the  protection  afforded  by 
the  vitamine  of  brewers'  yeast. 

Additional  evidence  confirming  this  conclusion  was  obtained 
from  another  feeding  experiment  in  which  dosep  of  0.05  gm.  of 
the  dried  products  were  used.  This  amount  was  far  too  small 
to  afford  more  than  a  slight  protection,  but  it  is  interesting  to 
note  that  the  two  birds  receiving  the  autolyzed  product  lost 
weight  distinctly  less  rapidly  than  the  two  receiving  the  freshly 
dried  material. 

Estimation  of  the  Quantity  of  Vitamine  Isolated  from  Yeast 
Filtrate  by  Adsorption  to  Fullers*  Earth? — Since  it  has  been  shown 
by  previous  experiments^  that  fullers'  earth  selectively  adsorbs 
vitamine  from  autolyzed  yeast  filtrate,  it  was  thought  that  ad- 
vantage of  this  property  could  be  taken  to  separate  the  vitamine 
from  the  greater  part  of  the  other  nitrogenous  compounds  which 
accompany  it  and  obtain  an  approximate  estimate  of  its  quantity 
by  determination  of  the  nitrogen  retained  by  the  fullers'  earth. 

Samples  of  fullers'  earth  activated  by  being  shaken  with  auto- 
lyzed yeast  filtrate  were  found  to  contain  approximately  2  per 
cent  of  nitrogen.  The  question  arises,  however,  as  to  whether 
this  nitrogen  represents  only  vitamine  or  a  mixture  of  vitamijie 
and  other  nitrogenous  compounds. 

*  The  particular  variety  of  fullers'  earth  so  far  used  in  this  work  has 
been  generously  supplied  by  Professor  John  U.  Lloyd  of  Cincinnati,  and  is 
characterized  by  its  exceptionally  high  adsorptive  capacity  for  alkaloids. 

« Seidell,  A.,  U.  S.  Pub,  Health  Reports,  1916,  xxxi,  364. 
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To  obtam  data  on  this  point,  100  cc.  of  a  sample  of  auto- 
lyzed  yeast  filtrate  prepared  as  previously  described,  were  shaken 
for  several  minutes  with  5.0  gm.  of  fullers'  earth,  and  the  soUd 
was  removed  by  filtration.  The  clear  Uquid  was  then  shaken 
with  a  second  5.0  gm.  portion  of  the  fullers'  earth,  the  mix- 
ture filtered,  and  this  procedure  repeated  a  third  time.  Nitro- 
gen determinations  made  on  the  original  yeast  filtrate  and  on 
each  of  the  samples  of  fullers'  earth  which  had  been  shaken  in 
succession  with  the  liquid,  gave  the  following  results.  The 
original  liquid  contained  2.0  gm.  of  nitrogen  per  100  cc.  The 
first  5.0  gm.  portion  of  fullers'  earth  contained  0.090  gm.  of 
nitrogen,  the  second  0.073  gm.,  and  the  third  0.058  gm. 

£]xperiments  reported  in  the  paper  referred  to  above  showed 
that  with  a  ratio  of  5  gm.  of  solid  per  100  cc.  of  liquid,  prac- 
tically all  the  vitamine  is  removed  from  yeast  filtrate.  From 
the  present  results,  which  show  that  additional  nitrogen  is  ad- 
sorbed by  further  treatment  with  fullers'  earth,  it  is  apparent 
that  vitamine  is  only  one  of  perhaps  several  nitrogenous  com- 
pounds removable  from  yeast  filtrate  by  fullers'  earth.  Al- 
though according  to  the  previous  experiments  all  the  vitamiae 
appears  to  be  in  the  first  fraction,  it  does  not  follow  that  other 
nitrogenous  compounds  are  absent  from  this  fraction.  In  fact 
it  would  be  expected  that  some  are  adsorbed  simultaneously 
with  the  vitamine.  Therefore,  the  0.09  gm.  of  nitrogen  in  the 
first  lot  of  fullers'  earth  is  probably  representative  of  both 
vitamine  and  other  nitrogenous  compounds.  How  great  a  per- 
centage of  the  lat'ter  is  present  can,  of  course,  not  be  judged  imtil 
further  experiments  are  made.  In  the  meantime  it  has  been 
thought  of  interest  to  neglect  the  presence  of  any  other  nitrog- 
enous compounds  and  assume  that  the  nitrogen  found  represents 
only  vitamine.  In  this  way  an  approximate  estimate  of  the 
maximum  quantity  of  vitamine  in  yeast  filtrate  will  be  obtained. 

Prom  recent  experiments  by  WiUiams  and  Seidell*  it  seems 
probable  that  vitamine  contains  approximately  50  per  cent  of 
nitrogen.  On  this  basis,  if  it  is  assumed  that  all  the  0.09  gm. 
of  nitrogen  in  the  first  5.0  gm.  of  fullers'  earth  shaken  with  100 
cc.  of  yeast  filtrate  as  described  above  is  vitamine  nitrogen,  it 
follows  that  0.18  gm.  per  100  cc.  of  autolyzed  yeast  filtrate  is  the 
maximum  amount  of  vitamine  which  can  be  present. 

*  Williams,  R.  R.,  and  Seidell,  A.,  /.  Biol.  Chem,,  1916,  xxvi,  431. 
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The  feeding  experiments  on  pigeons  described  in  the  preced- 
ing pages  show  that  approximately  1.0  cc.  of  yeast  filtrate  given 
every  other  day  is  close  to  the  amoimt  required  just  to  replace 
the  deficiency  of  an  exclusive  diet  of  polished  rice.  Since  this 
1.0  cc.  of  yeast  filtrate  contains  not  exceeding  0.0018  gm.  of 
vitamine,  the  daily  vitamine  requirement  of  pigeons  must  be 
somewhat  less  than  1  mg. 

Recent  observations  have  shown  that  pigeons  given  as  much 
as  they  will  eat  consimie  about  30  gm.  of  food  daily,  per  bird. 
If,  as  shown  above,  not  more  than  1  mg.  of  this  must  be  vita- 
mine, a  properly  balanced  diet  for  a  pigeon  will  be  one  which 
contains  somewhat  less  than  0.0033  per  cent  of  vitamine. 

Although  it  cannot  be  stated  with  certainty,  it  is  probable 
that  a  vitamine  content  of  the  same  magnitude  in  the  food  of 
man  would  meet  the  requirements  of  the  human  organism. 

SUMMARY. 

a.  In  the  case  of  pigeons,  the  vitamine  deficiency  of  an  ex- 
clusive diet  of  polished  rice  is  just  replaced  by  daily  doses  of 
0.5  to  1.0  cc.  of  the  clear  filtrate  from  autolyzed  brewers'  yeast. 

b.  Doses  of  dried  freshly  pressed  yeast  approximately  equiva- 
lent to  1.0  cc.  doses  of  autolyzed  yeast  do  not  effectively  replace 
the  vitamine  deficiency  of  a  diet  of  polished  rice. 

c.  Of  two  samples  of  dried  yeast,  one  of  which  was  autolyzed 
previous  to  being  dried  and  the  other  not,  the  pigeons  receiving 
the  latter  lost  weight  on  a  polished  rice  diet  considerably  more 
promptly  than  those  receiving  the  former.  The  autoljrtic  proc- 
ess therefore  appears  to  influence  favorably  the  activity  of  the 
vitamine  of  brewers'  yeast. 

d.  On  the  assumption  that  all  the  nitrogen  contained  in  ful- 
lers' earth  which  has  been  shaken  with  autolyzed  yeast  filtrate 
is  derived  from  vitamine,  the  maximum  quantity  of  the  latter 
which  can  be  present  in  the  original  yeast  filtrate  is  0.18  gm. 
per  100  cc. 

e.  The  daily  vitamine  requirement  of  a  grown  pigeon  is  some- 
what less  than  1  mg.  A  diet  containing  0.0033  per  cent  of  vita- 
mine, given  in  quantities  ordinarily  consumed  by  pigeons,  will 
supply  this  requirement. 
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INTRODUCTION. 

In  biological  chemical  research  work  it  is  sometimes  necessary 
to  build  a  special  apparatus  or  improve  or  modify  an  old  one.  At 
the  outbreak  of  the  European  war  it  was  impossible  to  obtain 
Duboscq  colorimeters,  and  since  it  was  desirable  to  remedy  some 
defects  in  its  design,  a  new  instrument  was  developed  and  built 
in  this  country.^  The  purpose  of  this  paper  is  to  discuss  some 
essential  points  of  nephelometers  and  colorimeters,  and  to  show 
still  further  improvements  in  the  design  and  construction  of  a 
nephelometer-colorimeter.* 

•  A  preliminary  note  was  read  at  the  New  York  meeting  of  the  Ameri- 
can Chemical  Society,  before  the  Biological  Section,  September  29,  1916. 

^  Manufactured  by  Lenz  and  Naumann,  Inc.,  New  York. 

'The  new  instrument  is  manufactured  by  Klett  Manufacturing  Com- 
pany, Inc.,  202  East  46th  Street,  New  York,  and  may  be  obtained  from 
them  or  through  dealers.  The  price,  including  two  cups  of  any  kind,  is 
about  154.00.  The  lamp  house  is  quoted  at  $24.00;  extra  cups  at  $1.50 
each;  light  filters  at  $3.00  a  pair.  The  whole  outfit,  including  eight  cups 
(two  of  each  kind),  mounted  on  a  suitable  black  board  with  light  switch, 
ready  for  use,  is  priced  at  $90.00. 
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Discussion  of  Other  Instruments. 

Bloor  Nephelometer. — In  order  to  provide  a  suitable  mechanical  and 
optical  equipment  for  the  Richards  type  of  instrument,  Bloor*  modified 
the  Duboscq  colorimeter  by  removing  the  plungers  and  adding  a  few  simple 
and  easily  constructed  parts.  That  this  resulted  in  a  decided  improve- 
ment for  that  type  of  instrument  cannot  be  doubted,  but  the  original 
criticisms^  against  the  Richards  instrument  arc  still  valid;  i.e.,  sources  of 
error  due  to  variations  in  the  meniscus  and  in  the  indirect  reflection  of 
light  from  suspended  matter  in  the  lower  part  of  the  tubes.  Bloor's 
objections  to  the  plunger  type  of  nephelometer  are,  however,  no  longer 
valid.  As  mentioned  elsewhere  in  this  paper,  the  plunger  is  made  of  one 
piece  of  glass  by  fusion  of  black  glass  tubing  with  an  optical  glass  end, 
and  therefore  has  no  paint  which  may  dissolve  or  peel  off.  It  can  now 
be  kept  as  free  from  contamination  as  any  other  glass  object  and  if  neces- 
sary can  be  easily  removed  and  replaced  or  cleaned  with  the  strongest 
acid  cleaning  solution,  if  so  desired. 

An  apparent  advantage  of  the  Richards  type  is  that  the  solutions  are 
not  stirred  or  agitated  by  the  plungers  while  obtaining  a  photometric  bal- 
ance, if  we  assume  that  agitation  tends  to  agglutinate  the  suspensions,  and 
ignore  the  fact  that  agitation  also  tends  to  keep  any  agglutinated  particles 
in  the  suspension  from  settling.  That  this  advantage  is  more  apparent 
than  real  is  due  not  only  to  the  fact  that  all  liquids  are  considerably  more 
agitated,  and  practically  to  the  same  extent  no  matter  what  instrument 
is  used,  when  adding  the  suspensions  to  the  nephelometric  containers, 
but  also  to  the  fact  that  the  agitation  produced  by  moving  a  plunger 
slowly  up  and  down  while  making  a  reading  is  so  slight  that  it  must  be 
negligible  in  most  cases.  However,  any  advantage  derived  by  freedom 
from  agitation  is  wholly  lost  by  sources  of  errors,  introduced  in  this  in- 
strument elsewhere  as  pointed  out  above.  The  relative  accuracy  obtained 
with  it  when  compared  with  other  instruments  under  favorable  and  equal 
conditions  is  not  known. 

Marshall-Banks  Nephelometer.^ — ^This  instrument  is  described  as  having 
"equal  colimins  of  suspensions,'!  and  "actually  measuring  the  reflected 
lights  with  a  suitable  photometer,'*  "the  photometric  part  of  the  appa- 
ratus consists  of  a  wedge^  of  neutral  tinted  glass,"  while  the  "optical 
arrangement  for  observing  the  two  beams  of  light"  consisted  of  "a  simple 


*  Bloor,  W.  R.,  /.  Biol.  Chem.,  1915,  xxii,  145. 

*  Kober,  P.  A.,  /.  Biol.  Chem.,  1912-13,  xiii,  485. 

» Marshall,  J.  T.  W..  and  Banks,  H.  W.,  3rd,  Proc.  Am.  Phil.  Sac.,  1915. 
liv,  180. 

*  The  smoked  glass  wedge  was  used  for  photometric  work  in  astronomy 
in  1882  (see  Pickering,  E.  C,  Nature,  1882,  xxvi,  259)  but  was  not  adopted 
by  photometrists. 
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arrangement  of  mirrors^  by  which  a  field  far  more  sensitive  than  that  of  a 
Duboscq  colorimeter  may  be  obtained/'  As  a  detailed  discussion  of  this 
instrument  may  appear  in  a  separate  conmiunication  on  the  chemical  work 
also  reported  by  Marshall  and  Banks  in  the  papers  dealing  with  their 
instrument,  nothing  further  will  be  added  here. 

Duboscq  Colorimeter. — Folin*  mentions  a  niunber  of  defects  in  the 
Duboscq  colorimeter:  (1)  inaccuracy  of  the  zero  points;  (2)  liability  to 
dust  interference;  (3)  inequality  of  illumination  in  the  fields;  (4)  another 
disadvantage  develops  when  the  variations  in  the  amount  of  color  in  the 
liquids  to  be  measured  are  great,  in  which  case  two  different  and  expen- 
sive colorimeters  are  necessary;  (5)  as  the  Duboscq  cups  have  cemented 
bottoms  they  cannot  be  used  for  all  solvents,  and,  as  an  investigator  re- 
cently found,  it  was  necessary  to  change  the  cement  for  certain  work;  (6) 
when  the  colorimeter  is  to  be  adapted  as  a  nephelometer  other  disadvan- 
tages become  apparent,  especially  in  connection  with  the  plungers  and 
cups.    This  was  pointed  out  in  a  previous  paper.  •' 

Lemrnan- Kober  Nephelometer -Colorimeter,^ — ^This  instrument 
practically  eliminates  the  defects  mentioned  in  the  Duboscq 
colorimeter,  with  exception  of  defect  (3),  inequality  of  field 
illumination.  This  is  however  removed  by  means  of  the  adjust- 
able reflectors  of  the  new  lamp  house  (page  162).  (1)  In  the 
Lenzman-Kober  instrument  one  or  two  adjustments  of  the  ad-^ 
justable  verniers  eliminate  any  inaccuracy  of  the  zero  point; 
(2)  no  open  spaces  are  to  be  found  between  the  top  of  the  eye 
piece  and  the  liquids  in  the  cups  so  that  dust  is  excluded;  (3) 
the  scale  and  instrument  are  also  so  constructed  that  any  height 
of  liquid  up  to  110  mm.  can  be  measured;  (4)  the  colorimetric 
cups  (Fig.  1)  in  this  instrument,  like  the  new  nephelometer  cups 
(Fig.  2)  with  which  they  are  interchangeable,  are  fused  instead 
of  cemented  and  are  therefore  of  one  piece  of  glass,  usable  for 
all  solvents.     (5)  The  black  glass  plunger^®  (Fig.  3)  with  fused- 

^  A  similar  arrangement  of  mirrors  is  used  in  the  Donnan-Kohler  col- 
orimeter (descjibed  in  Abderhalden^s  Handb.  biochem,  Arheiismethoden^ 
1910,  i,  648),  which  arrangement,  owing  to  the  loss  of  light  by  reflection 
of  the  glass  of  the  front  mirror,  and  owing  to  the  unequal  paths  the  light 
from  tb^  cups  must  travel,  requires,  as  stated  in  the  book,  an  empirical 
correction. 

» Folin,  O.,  and  Denis,  W.,  /.  Biol  Chem.,  1916,  xxvi,  484. 

•Made  by  Lenz  and  Naiunann,  Inc.,  New  York,  at  the  suggestion  and 
with  the  cooperation  of  the  author. 

^^  For  this  idea  and  for  much  experimental  work  at  his  own  expense, 
1  am  indebted  to  Mr.  Hugo  Schnackenberg,  of  the  firm  of  Potter  and 
Schnackenberg,  Manufacturing  Opticians,  New  York. 
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Flo.  1.  Colorimetric  cups,  (a,  b)  Transpareat  and  optically  clear 
bottome  fused  to  the  gidee;  (c,if)  black  glaaa  sides  which  eliminate  th« 
colorimetric  light  shield. 

Fio.  2.  Nephelometric  cups,  (a,  b)  Black  glass  bottoms  fused  to  trana- 
parent  sides.    Diameter  of  cups  just }  mm.  larger  than  that  of  the  plungen. 


Fio.  3.  Prism  arrangement  and  plungers.  Black  glass  plungen  with 
optically  cle&r  glass  ends,  fuaed  together.  Prism  arrangement,  which 
gives  a  field  similar  to  that  of  Lummer-Brodhun. 
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in,  optically  clear  bottoms,  not  cemented,  as  they  might  seem 
and  a  few  have  believed  them  to  be,  makes  its  use  as  a  colorim- 
eter and  nephelometer  a  matter  of  equal  ease  and  accuracy, 
entirely  eliminating  the  use  of  asphaltmn  paint  for  this  purpose. 
The  best  Duboscq  plungers  show  a  distinct  color  or  absorption  of 
light  when  compared  with  these  new  plungers.  .  (6)  The  new 
design  of  a  field  (Fig.  3)  similiar  to  that  of  Lmnmer-Brodhun, 
a  square  within  a  circle,  makes  its  use,  when  correctly  made  and 
adjusted,  much  more  comfortable  for  the  eye  and  more  sensitive. 

Unfortunately  the  first  lot  of  twenty-five  instruments,  owing 
to  the  difficulties  arising  from  the  scarcity  of  good  optical  glass, 
superimposed  upon  labor  difficulties,  were  imperfectly  and 
crudely  made,  poorly  if  at  all  adjusted,  so  that  the  advantages 
of  the  new  design  were  rarely  apparent.  In  the  second  lot  of 
twenty-five  and  subsequent  instruments,  the  difficulties  seem  to 
have  been  completely  overcome. 

This  instrument  for  its  use  as  a  nephelometer,  however,  had  a 
disadvantage  in  that  it  used  automatic  black  cloth  curtains 
necessary  to  insure  a  black  background  for  the  opalescent  solu- 
tions. In  common  with  the  Duboscq  colorimeter,  it  had  also 
racks  and  pinions  for  raising  the  cups  or  plungers,  which  are 
difficult  to  make  and  almost  impossible  to  use  without  having 
appreciable  lost  motion. 

The  New  Instrument. 

The  Nephehmeter-Colorimeter. — ^By  using  a  screw  arrange- 
ment,^^ as  shown  in  Figs.  4  and  5,  both  the  black  curtains  and 
this  lost  motion  can  be  eliminated  and  the  construction  con- 
siderably simplified.  As  may  be  seen,  it  also  has  all  the  advan- 
tages of  the  Lenzman-Kober  instrument  mentioned  before. 
Furthermore,  with  the  double  milled  head,  a  double  adjustment 
is  practically  secured:  (I)  with  the  small  diameter,  a  quick  ac- 
tion for  rough  adjustment;  (2)  with  the  large  diameter,  a  slow 
action,  for  fine  adjustment.  Another  advantage  in  construc- 
tion is  seen  in  the  scale,  which  show?  that  it  is  removable,  so 

*^  For  this  idea  and  for  much  experimental  work  at  his  own  expense, 
I  am  indebted  to  Mr.  R.  E.  Klett,  of  the  Klett  Manufacturing  Company, 
Inc.,  New  York. 
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Fia.  4.  The  new  ncphelometcr-colori meter,  showing  screw  arrange- 
ment with  adjuBtalile  verniers,  also  the  double  milled  head-  There  are  no 
open  spaces  through  which  dust  may  enter  and  light  escape  when  6tted  to 
the  lamp  house  (see  Fig.  5). 
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that  it  can  be  repaired  or  replaced  by  a  new  one  when  neces- 
sary. As  these  scales  are  made  with  a  dividing  machine,  they 
are  usually  very  exact. 

The  Lamp  House. — In  a  previous  communication^  the  theo- 
retical qualifications  of  a  nephelometric  light  were  discussed. 
The  lack  of  a  convenient  source  of  low  voltage  (from  6  to  20 


Fio.  5.  Lamp  house  and  instrument,  showing  the  concentrated  fila- 
ment lamp,  air  space,  condenser,  and  lamp  house.  When  the  doors  (not 
shown)  are  closed,  no  light  is  visible  except  in  the  eye  piece.  The  inclined 
angle  of  the  instrument,  which  allows  air  bubbles  to  escape  from  imder- 
neath  the  plungers,  and  the  exact  position  and  angle  of  reflectors  are  not 
shown  in  the  sketch. 

volts)  makes  it  still  diflScult  if  not  impossible  to  obtain  parallel 
rays  of  light,  without  using  an  arc  lamp.  The  arrangement,  as 
shown  in  Fig.  5,  of  a  concentrated  tungsten  filament  110-120 

"  Kober,  P.  A.,  and  Graves,  S.  S.,  /.  Ind,  and  Eng,  Chem.f  1915,  vii,  843. 
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volt  lamp"  (stereopticon)  with  a  coDdenser  gives  a  very  strong 
li^t,  suitable  for  most  work.  A  pane  of  glass  is  interposed 
between  it  and  the  condenser,  so  as  to  provide  an  air  space,  to 
prevent  lumecesBaiy  heating  of  condenser  and  nephelometer. 
The  lamp  house  can  then  be  directly  connected  to  most  lighting 
circuits.  The  reflectors  (Fig.  6)  of  the  lamp  house  are  made  in 
pairs,  80  that  the  light  which  falls  on  each  side  of  the  colorimeter 


Fia.  6.  Coloriraetric  reflectors,  showing  two  separate  reflectors  by  meaiiB 
of  whiob  the  light  reaching  the  eye  piece  may  be  adjusted  to  equality. 

can  be  adjusted  to  produce  equality  in  the  field,  thus  eliminating 
a  defect  in  the  Duboscq  colorimeter  mentioned  by  Folin.  This 
defect,  which  is  more  or  less  present  in  all  these  instruments,  is 
due  to  the  fact  that  it  is  impossible  to  make  optical  and  me- 
chanical parts  perfectly."   The  individual  reflectors  once  adjusted 

"McDennott,  F.  A.,  J.  Am.Chem.  Soc,  1914,  xsxvi,  454,  describes  a 
lamp  of  the  siime  construction. 

"  In  ooe  of  the  moat  accurate  of  physical  instruments,  the  balance, 
equality  of  sides,  or  the  teio  point,  often  changes  and  is  also  not  adjusted 
until  it  is  set  up  ready  for  use. 
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and  the  position  marked  on  the  stem,  they  can  be  removed 
from  the  field  of  light  for  nephelometric  work  and  replaced  if 
necessary  in  a  moment.  In  Fig.'  7  is  shown  a  removable  light 
filter,  which  can  be  made  of  this  so  called  ''daylight"  glass  if  its 
absorption  of  light  is  not  too  great,  or  a  light  blue  glass  to  re- 
move any  yellow  in  the  artificial  light,  so  as  to  measm'e  any  yel- 
lowish liquids.    This  allows  the  instrument  to  be  set  up  perma- 


FiG.  7.  Removable  light  filters.  These  filters,  being  attached  under- 
neath the  cup  holders,  may  remain  on  the  instrument  without  interfering 
with  nephelometric  work. 


Fig.  8.  Eye  support  which  steadies  the  eye  and  keeps  it  at  one  point. 


nently,  screwed  to  a  base,  so  as  to  be  portable,  and  yet  equipped 
to  measure  quantitatively  colored  and  opalescent  liquids  with 
equal  facility  and  almost  equal  accuracy.  There  is  a  growing 
conviction  that  in  general  it  is  easier  to  measure  nephelometri- 
cally  than  colorimetrically,  due  to  the  fact  that  the  more  light 
absorbed  by  the  solution,  i.e.,  the  more  it  approaches  uniform 
absorption,  the  easier  it  is  to  measure.    For  example,  a  blue  or  a 
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green^  tint  is  easier  to  match  than  a  yellow  tint.  In  Fig.  8  is 
shown  an  eye  support  which  will  be  of  assistance  in  keeping  the 
eye  steady  and  always  at  the  same  point,  an  important  requisite 
for  precision  work. 

Results  with  the  New  Instrument. 

The  following  readings  made  on  the  first  factory  model,  by  an 
assistant  who  had  practically  no  photometric  experience,  show 
not  only  the  sensitiveness  of  the  instrimient,  but  also  the  accu- 
racy obtainable  in  nephelometric  work. 

Casein  mth  Stdfosalicylic  Acid, 


Solution  L 

Solution  II. 

Solution  III. 

Solution  m. 

16.3 

24.9 

30.3 

30.2 

16.5 

24.6 

30.5 

30.4 

16.2 

24.7 

30.2 

30.3 

16.3 

24.5 

30.3 

30.4 

16.33  24.67  30.33  30.33 

As  the  new  instrument  has  stationary  plungers  and  movable 
cups,  while  most  of  the  previous  nephelometric  work  was  done  with 
movable  plungers  and  stationary  cups,  it  was  important  to  run 
a  nephelometric  curve  to  see  the  effect  on  the  constants.  The 
curve  shown  in  Fig.  9,  with  casein  and  sulfosaUcyUc  acid,  shows 
that  in  these  new  instruments  the  nephelometric  constant  has  a 
new  value  and  sign. 

# 
*'  Elbert,  Wiedemann's  Ann,,  xxxiii,   136,  found  the  following  relative 
values  of  stimulus  threshold  for  one  individual. 

Wave  Thrathold 

length.  vftluM' 

M 

Red 0.675  0.7 

Yellow 0.590  2.2 

Green 0.530  0.5 

Bluish  green 0.500  1,0 

Blue 0.470  7.0 
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Fig.  9.  Curve,  with  the  new  instrument,  using  casein. 
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Ratio  of  solutions. 

X 

Actual  readings. 

Averace  readincs. 

•          (l-*)5t 

A  -  -  0.072 

wsff»« 

nv^W* 

1.0 

15.0      15.0     -« 

15.00 

15.00 

0.9 

16.9      17.0    16.8 

16.90 

16.80 

0.8 

18.9      18.9    19.2 

19.00 

19.09 

0.7 

22.00    22.00 

22.00 

22.07 

0.6 

26.0      26.5 

26.25 

26.20 

0.5 

• 

31.50    32.0    33.0* 

32.17 

32.16 

*  This  curve  was  made  quickly  at  the  close  of  a  day  (after  9.30  p.m.) 
and  the  last  readings  show  the  effect  of  eye  fatigue. 

With  casein,  using  the  old  type  of  instrument  where  the  light 
from  the  weaker  solutions  had  to  travel  a  mean  distance  that  was 
shorter  than  the  mean  path  of  the  stronger  solution,  the  constant 
was  about  +  0.20,  whereas  in  this  new  instrument  where  the 
light  from  the  stronger  solution  has  shorter  mean  distance  to 
travel,  the  constant  is   -  0.072. 

From  this  we  learn  that  part  of  the  deviation  from  the  hypo- 
thetical or  colorimetric  curve  was  due  to  differences  in  the  mean 
paths,  while  the  other  part  of  the  deviation  must  be  due  to  the 
effect  of  the  suspension  on  the  amoimt  of  light  transmitted.^* 

While  it  is  to  be  remembered  that  this  formula  expresses  only 
the  ratio  of  the  solutions  and  is  not  for  absolute*  photometry, 
it  is,  nevertheless,  remarkable  that  so  simple  and  empirical  a 
formula  is  capable  of  expressing  with  precision  a  phenomenon 
which  has  so  many  factors. 

With  the  same  instrument  as  a  colorimeter,  measuring  cupric 
sulfate  and  potassium  dichromate  solutions,  the  following  readings 
were  obtained. 


CuSO« 

21.0 
20.8 
20.7 
20.8 
21.1 

Average  20.9 


KsCnOi 
19.9 
19.5 
19.6 
19.6 
19.9 

19.7 


"  Discussion  of  this  and  other  aspects  of  nephelometry  is  reserved 
for  a  subsequent  publication.  It  may  be  possible  to  obtain  a  formula 
having  a  constant,  independent  of  the  t3rpe  of  instrument. 
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Directions  far  Using  the  Instrument. 

In  previous  papers^^  the  use  of  nephelometric  curves  (Fig.  9) 
and  a  formula  was  discussed  and  it  was  pointed  out  that  it  is 
necessary  to  standardize  the  instrument,  using 'solutions  of  dif- 
ferent concentrations.  When  the  instrument  changed  so  that  a 
restandardization  was  necessary,  a  nephelometric  formula  obvi* 
ated  considerable  work,  especially  the  readings  for  and  the  draw- 
ing of  a  new  curve. 

Since  the  formula  is  complicated  and  many  prefer  to  do  with- 
out mathematical  calculations,  the  following  scheme  can  be  used. 
The  instnmient  is  standardized  as  before,  but  the  curve  (see 
Pig.  9)  is  used  alone  in  getting  the  amount  of  substance  equiva- 
lent to  the  readings.  When  the  value  of  the  standard  readings 
(designated  by  s  in  the  formula)  changes,  the  height  of  the  solu- 
tion used  as  a  tare  is  adjusted  so  that  the  original  reading  for  s 
is  obtained,  and  therefore  the  original  curve  is  applicable.  It  is 
equivalent  to  changing  the  zero  point  of  a  balance  by  adjustment 
so  as  to  avoid  calculations. 

It  is  doubtful,  however,  whether  the  use  of  such  a  curve  can 
ever  be  as  accurate  as  use  of  the  formula,  owing  to  the  fact  that 
the  accuracy  with  which  one  can  draw  and  use  a  curve  is  decidedly 
limited,  while  the  accuracy  with  which  one  can  express  relation- 
ships by  means  of  an  equation  is  unlimited. 

A  number  of  inquiries  have  been  received  as  to  obtaining  the 
correct  zero  reading  with  the  verniers,  when  the  cups  are  too  long 
to  permit  the  plunger  ta  touch  the  bottom  of  the  cups,  i.e.,  to 
obtain  the  exact  position  on  the  scale  for  zero  light  or  color.  A 
number  of  methods  could  be  suggested  but  the  following  is  prob- 
ably the  simplest.  A  piece  of  wood,  such  as  an  ordinary  cylin- 
drical or  hexagonal  lead  pencil  or  a  thick  glass  rod  or  tube,  about 
the  thickness  of  the  plimger,  is  cut  ofif  about  70  mm.  long,  making 
sure  that  the  ends  are  parallel  and  at  right  angles  to  the  sides. 
The  length  of  this  is  then  accurately  measured  with  the  scale 
on  the  instrmnent,  or  any  other  accurate  mm.  scale.    This  meas- 

" Kober,  /.  Biol.  Chem.,  1912-13,  xiii,  485.  Kober,  P.  A.,  and  Egerer, 
G.,  J.  Am.  Chem.  Soc.,  1915,  xxxvii,  2377  (also  given  in  Hawk,  P.  B.,  Prac- 
tical Physiological  Chemistry,  Philadelphia,  5th  edition,  1916,  294). 
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ured  rod^  is  put  into  the  cup  and  the  instrument  adjusted  until 
the  plunger  touches  it,  or  is  flush  with  its  optical  end.  If  the 
screw  of  the  vernier  is  loosened  and  the  vernier  set  on  scale  to 
correspond  with  the  length  of  the  rod  then  the  vernier  and  scale 
will  give  the  actual  height  of  space  or  liquid  underneath  the 
plunger  in  actual  work.  It  is  not  safe  to  assume  that  all  the 
cups  have  bottoms  of  the  same  thickness. 

SUMMARY. 

1.  A  new  nephelometer-colorimeter  has  been  described  which 
has  the  following  advantages:  (a)  a  screw  arrangement  for  chang- 
ing the  heights  of  liquids,  and  therefore  the  elimination  of  lost 
motion  inherent  in  racks  and  pinions;  (b)  the  elimination  of  dark 
cloth  curtains;  (c)  black  one  piece  glass  plimgers;  (d)  fused  one 
piece  nephelometric  and  colorimetric  cups;  (e)  a  convenient 
eye  support. 

2.  A  simple  and  convenient  lamp  and  lamp  house  are  de- 
scribed, having  adjustable  reflectors  which  permit  the  amount 
of  light  reaching  both  sides  of  the  colorimetric  field  to  be  ad- 
justed to  equaUty. 

3.  A  new.  simplified  method  of  using  the  instrument  is  given. 

^"  An  accurately  measured  aluminium  rod  called  "zero-gauge''  can  be 
obtained  from  Klett  Manufacturing  Company,  Inc.,  New  York. 
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In  1915^  I  published  a  short  turbidity  method  for  determin- 
ing calcium  in  feces  and  urinei  which  consisted  briefly  of  the 
following  steps.  The  calcium  was  precipitated  as  calcium  oxa- 
late in  the  urine  (or  the  acid  extract  of  fecal  ash)  under  condi- 
tions to  minimize  the  occlusion  of  mc^nesium;  the  precipitate 
was  centrifugedy  washed,  dissolved  in  dilute  hydrochloric  acid, 
and  treated  with  an  aqueous  solution  of  the  potassium  soap  of 
castor  oil.  The  resulting  cloud  of  calcium  soap  was  read  on 
the  Duboscq  colorimeter  against  a  standard  solution  of  calcium 
oxalate  in  hydrochloric  acid,  treated  with  the  soap  at  the  same 
time  as  the  unknown. 

I  have  now  succeeded  in  appl3dng  essentially  these  same 
principles  to  the  determination  of  calcium  in  small  amounts  of 
blood  and  of  milk,  the  two  chief  differences  being,  first,  that 
since  the  soap  cloud  produced  by  the  very  small  quantity  of 
calcium  available  in,  say,  5  cc.  of  blood  is  too  faint  to  be  read 
on  the  colorimeter,  the  nephelometer  is  used  instead,  and,  sec- 
ond, that  a  solution  of  ammonium  stearate  is  substituted  for  the 
castor  oil  soap.  The  method,  as  developed,  is  short,  taking  2 
hours  for  a  set  of  four  determinations  as  against  3  full  days  by 
the  ashing  and  gravimetric  procedure;  it  requires  but  5  cc.  of 
blood  instead  of  more  than  300  cc;  only  two  instruments  are 
used,  the  nephelometer  and  the  centrifuge;  the  reagents  employed 
are  easily  obtainable,  an  important  factor  at  the  present  time; 
and  finally,  the  results,  as  will  be  shown,  are  accurate  to  within 
less  than  1  per  cent. 

*  L3rman,  H.,  /.  Biol.  Chem.,  1915,  xxi,  551. 
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PROCEDURE. 

For  Blood, — ^To  draw  the  blood,  a  paraffined  pipette  attached 
to  a  hollow  needle  by  a  piece  of  rubber  tubing  (according  to  the 
method  of  Folin  and  Denis')  is  employed.  The  potassium  oxa- 
late is  naturally  omitted.  Rim  5  cc.  of  blood  into  a  small  flask 
containing  15  cc.  of  trichloroacetic  acid,  6.5  per  cent,  while  agi- 
tating the  flask.  Mix  and  let  stand  for  a  few  minutes.  Filter 
through  a  folded  calcium-free  filter  paper.  Pipette  10  cc.  of  the 
filtrate  into  an  Erlenmeyer  flask  of  about  50  cc.  capacity.  Add 
one  drop  of  methyl  orange,  0.1  per  cent.  Add  2  n  ammonium 
hydrate  drop  by  drop  imtil  just  yeUow.  Add  nitric  acid,  0.05  n, 
dropwise  until  pink,  and  then  1  cc.  more.  Add  1  cc.  of  oxalic 
acid,  4  per  cent.  Add  1  cc.  of  sodium  acetate,  20  per  cent,  drop- 
wise.  Cool  under  the  water  tap  until  a  faint  doud  appears 
Shake  10  minutes  or  stand  over  night  at  room  temperature,  as 
convenient.  Rinse  the  stopper  with  a  few  drops  of  ammonium 
oxalate,  0.5  per  cent.  Pour  into  a  centrifuge  tube  and  centri- 
fuge. Pipette  off  supernatant  liquor.  Riiuse  the  flask  with  5  cc. 
of  ammonium  oxalate,  0.5  per  cent,  pour  into  centrifuge  tube,  stir, 
rinsing  the  rod  with  0.5  per  cent  ammonium  oxalate,  and  again 
centrifuge.  Pipette  off  supernatant  liquor.  Dissolve  precipi- 
tate in  5  cc.  of  0.1  N  nitric  acid  by  means  of  stirring,  and  pour 
into  original  flask.  Agitate  a  moment  to  dissolve  any  precipi- 
tate adhering  to  the  walls.  Rinse  the  rod  and  centrifuge  tube 
with  5  cc.  of  water,  and  pour  into  the  flask. 

Into  another  flask  of  about  100  cc.  capacity,  pipette  20  cc.  of  the 
sybandard  calcium  oxalate  solution.  Pipette  50  cc.  and  25  cc. 
respectively  of  the  ammonium  stearate  reagent  into  two  clean 
dry  beakers.  Pour  the  standard  solution  into  the  50  cc.  of 
reagent,  and  the  unknown  into  the  25  cc,  and  pour  back  twice. 
Stopper  and  let  stand  10  minutes.  Fill  both  nephelometer 
tubes  with  the  standard,  set  the  left  side  at  32  nun.,  and  take  a 
careful  reading  to  be  sure  that  the  two  sides  of  the  instrument 
are  balanced.  Replace  the  standard  on  the  left  with  the  un- 
known and  read.  Care  should  be  taken  before  reading  to  re- 
move with  a  glass  rod  any  bubbles  adhering  to  the  walls  of  the 
nephelometer  tubes. 

^  Folin,  O.,  and  Denis,  W.,  /.  BioL  Chem.,  1912,  xi,  527. 
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Calculation. 

If  the  unknown  is  set  at  S2  mm.  and  the  standard  is  ready  the 
reading  divided  by  4  ^^  eqiud  the  number  of  mg.  of  calcium  in  100 
cc.  of  blood.  Note  that  calcium  is  calculated  as  calcium  and  not 
as  the  calcium  oxide. 

For  Milk. — ^Pipette  10  cc.  of  the  well  mixed  sample  into  a 
volumetric  flask,  a  200  cc.  flask  for  cow's  milk  or  a  100  cc.  flask 
for  human  milk.  Make  up  to  volume  with  distilled  water  and 
mix  thoroughly.  The  mixture  is  now  of .  approximately  the 
same  per  cent  calcium  content  as  blood.  Pipette  5  cc.  of  this 
mixture  into  15  cc.  of  trichloroacetic  acid,  6.5  per  cent,  let  stand, 
filter,  and  proceed  as  with  blood.  To  find  the  number  of  mg.  of 
calcium  per  100  cc.  of  milk,  the  nephelometer  reading  is  mul- 
tiplied by  5  or  by  2.5,  according  as  the  milk  was  originally  diluted 
to  200  or  100. 

Reagents,  Etc. 

Trichloroacetic  Acid  Solution,  6.5  Per  Cent. — ^This  reagent,  sug- 
gested by  Greenwald,'  is  used  for  the  coagulation  of  both  blood 
and  milk,  three  volumes  of  the  reagent  being  taken  for  one  of  the 
substance  to  be  coagulated.  It  gives  a  water  clear  filtrate,  free 
from  protein,  and,  being  highly  dissociated,  holds  in  solution  any 
calcium  salts  present.  It,  as  well  as  all  other  materials,  should 
be  tested  for  calcium  before  use. 

Filter  Paper. — As  the  filter  paper  used  for  common  laboratory 
purposes  contains  considerable  calcium,  a  paper  must  be  se- 
lected for  filtering  the  coagulated  blood  or  milk  which  has  been 
washed  in  acid.  For  this  purpose  Baker  and  Adamson's  paper 
"A"  washed  in  hydrochloric  and  hydrofluoric  acids  was  em- 
ployed For  filtering  the  reagents  absorbent  cotton  washed 
first  with  hydrochloric  acid,  10  per  cent,  then  with  water,  until 
the  wash  water  is  no  longer  acid  to  litmus,  and  finally  dried, 
may  be  used. 

Indicator,  Methyl  Orange,  0.1  Per  cent. — Dissolve  0.1  gm.  of 
methyl  orange  in  10  cc.  of  alcohol  and  make  up  to  100  cc.  with 
water. 

NUric  Acid,  0.1  n  and  0.05  n. — ^The  concentrations  need  not 
be  exact,  provided  the  same  strength  of  acid  is  used  in  all  steps 

'Greenwald,  1.,  /.  Biol.  Chem.,  1915,  xxi,  61. 
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of  the  process^  including  the  making  up  of  the  standard.  For 
convenience  a  stock  solution  of  2  n  may  be  prepared  and  the 
lower  concentrations  made  up  from  this  as  needed. 

Ammonium  Hydrate^  2  n. — ^This  need  not  be  accurate.  13.5 
cc.  of  ammonium  hydrate,  sp.  gr.  0.9,  made  up  to  100  cc,  with 
water  will  serve  the  purpose. 

Oxalic  Acid,  4  Per  Cent, — As  1  cc.  of  this  solution  is  used  to 
precipitate  the  calciiun  in  only  2.5  cc.  of  blood,  it  will  easily  be 
seen  that  the  excess  over  the  theory  is  very  large.  Unless  such 
an  excess  is  present,  however,  precipitation  does  not  b^in 
promptly,  owing  to  the  low  concentration  of  calcium  oxalate. 

Sodium  Aceiatey  20  Per  Cent. — ^20  gm.  of  crystaUized  sodium 
acetate  dissolved  in  100  cc.  of  water. 

Amm^onium  Oxalate,  0,5  Per  Cent. 

Ammmiium  Stearate  Reagent, — Dissolve  4  gm.  of  stearic  acid 
and  0.5  cc.  of  oleic  acid  in  400  cc.  of  hot  alcohol.  Add  20  gm.  of 
abamonimn  carbonate  dissolved  in  100  cc.  of  hot  water  and 
allow  the  mixture  to  boil  for  a  few  moments.  Cool.  Add  400 
cc.  of  alcohol,  100  cc.  of  water,  and  2  cc.  of  anunonium  hydroxide 
(sp.  gr.  0.9).  Filter.  This  solution  should  be  as  clear  as  freshly 
distilled  water  and  perfectly  colorless.  If  well  stoppered  it 
keeps  indefinitely.  Before  using  for  analysis,  test  as  follows: 
Into  two  flasks  pipette  respectively  10  and  5  cc.  of  the  calcium 
oxalate  standard  and  to  the  5  cc.  add  5  cc.  of  nitric  acid,  0.05  n. 
Treat  both  with  25  cc.  of  the  ammonimn  stearate  reagent  and 
read  on  the  nephelometer.  If  they  do  not  read  exactly  2  to  1 
there  is  some  impurity  present  in  the  chemicals  used.  The  al- 
cohol— if,  as  is  usual  in  laboratories,  it  has  stood  in  a  wooden 
barrel — ^will  give  a  yellow  coloration  with  ammonia  and  will  con- 
tain suspended  particles  which  reflect  light  in  the  nephelometer. 
It  should  be  redistilled  with  a  little  calcium  carbonate.  Stearic 
acid  may  be  purified  by  recrystallizing  from  boiling  alcohol. 
Ammonium  carbonate  may  be  resublimed. 

Calcium  Oxalate  Standard,  10  Ccto  Contain  0,2  Mg,  of  Calcium 
in  0,05  N  HNOz, — Dissolve  72.9  mg.  of  pure  calcium  oxalate 
(CaC204  +  IHjO)  in  25  cc.  of  nitric  acid,  2  n,  and  make  up  to 
1,000  cc.  with  water.  Since  the  presence  of  chlorides  affects  the 
solubiUties  of  calcium  soaps,  nitric  acid  is  used  as  a  solvent 
thrbughout  instead  of  hydrochloric. 
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Accuraqf  of  the  Method. 

The  method  was  checked  as  follows:  (1)  5  cc.  portions  of  the 
caldmn  oxalate  standard  {equivalent  to  0.1  mg.  of  calcium) 
were  run  through  the  described  procedure,  including  the  pre- 
liminary treatment  with  trichloroacetic  acid  solution.  Since 
half  the  trichloroacetic  mixture  is  taken,  only  0.05  mg.  of  calcium 
was  being  determined  at  the  end.  The  nephelometer  readings 
against  10  cc.  of  the  standard  (0.2  mg.  of  calcium)  were  exactly 
8:32,  giving  a  calcium  content  for  the  solution  of  2  mg.  per  100 
CO.,  which  was  correct.  No  calcium  was  therefore  lost  and, 
since  all  solutions  and  materials  had  been  carefully  tested  for 
calcium,  none  had  been  added.  Next,  a  solution  of  calciimi 
chloride  was  made  up  and  a  portion  analyzed  by  the  gravimetric 
method.  From  the  data  thus  obtained  the  solution  was  then 
diluted  to  contain  5  mg.  of  calcium  per  100  cc,  and  two  5  cc. 
portions  were  run  through  the  method.  Respectively  4.96  and 
4.94  mg.  per  100  cc.  were  recovered. 

(2)  Samples  of  blood  taken  from  the  same  animal,  as  nearly 
as  possible  at  the  same  time,  were  ashed  and  done  by  the  new 
method.  No  attempt  was  made  to  perform  the  gravimetric  pro- 
cedure. Such  large  amounts  of  blood,  at  least  300  to  600  cc, 
must  be  handled  that  the  loss  by  spattering  and  fusing  renders 
this  method  less  accurate  than  the  new  one  which  it  is  being 
used  to  check. 

Portions  of  blood  were  drawn  from  the  living  animal  into 
paraffined  pipettes,  the  first  sample  being  rim  into  a  platinum 
dish  for  ashing,  the  second  into  trichloroacetic  acid  solution  for 
treatment  by  the  new  method,  the  third  into  platinum,  etc. 
The  samples  in  platinum  were  then  dried  over  night  on  a  hot 
plate  and  cautiously  ashed  by  hand  over  a  Bunsen  burner.  The 
residue  was  taken  up  with  nitric  acid,  0.1  n,  and  the  calcium 
precipitated  as  oxalate,  washed,  treated  with  stearate  solution, 
and  read  against  the  standard  on  the  nephelometer.  Much 
trouble  was  experienced  with  this  mode  of  ashing.  In  the 
first  place  the  results  were  not  concordant  and  in  the  second  the 
values  were  almost  always  below  (never  above)  the  values  ob- 
tained on  the  same  blood  by  the  new  method.  There  are  three 
obvious  sources  of  error:  (a)  If  an  oxidizing  mixture,  such  as 
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nitric  and  sulfuric  acid,  is  employed  there  is  invariably  a  fine 
sptay  thrown  ofif  at  the  moment  when  the  ash  becomes  dry,  as 
may  be  shown  by  placing  a  metal  plate  about  the  crucible  or 
dish.  This  same  objection  holds  when  successive  small  por- 
tions of  water  are  used,  as  is  sometimes  done.  (6)  If  no  oxidiz- 
ing agent  is  present  it  is  very  difficult  to  burn  the  residue  free 
from  carbon,  and  if  this  is  not  done  completely  the  blood  char- 
coal left  has  such  strong  adsorptive  power  as  to  make  it  impos- 
sible to  extract  the  calcium  salts  by  simple  treatment  with 
dilute  mineral  acid,  (c)  If  much  heat  is  employed  the  residue 
fuses  in  a  thin  layer  over  the  surface  of  the  dish  and  can  only  be 
removed  by  mechanical  means;  e.g.,  the  usual  scrubbing  with 
sand.  Table  I,  taken  from  five  consecutive  experiments,  will 
serve  as  an  illustration. 

TABLE  I. 

Calcium  Recovered  per  100  Cc.  of  Blood, 


Animal  No. 

New  method. 

Aahinc. 

mg. 

mg. 

Cat  1 

( 

5.9 
5.9 

4.6 

I 

4.0 

' 

5.83 

"     2 

* 

5.82 
5.83 

5.78 

k 

"     3 

( 

5.82 
5.81 

5.84 

I 

4.88 

Man 

( 

6.12 

5.9 

I 

5.6 

Cat  4 

6.16 

4.56 

At  the  suggestion  of  Dr.  R.  D.  Bell,  ashing  was  next  attempted 
by  means  of  the  hot  air  bath  alone,  without  use  of  the  free  flame, 
and  this  proved  perfectly  successful.  Samples  of  blood  in  plati- 
nimi,  taken  as  before,  were  first  dried  in  a  bomb  furnace  at  about 
200°C.  for  6  or  7  hours.  The  temperature  was  then  gradually 
raised  to  the  full  heat  of  the  furnace,  320°C.,  and  maintained 
there  for  4  hours,  by  which  time  most  of  the  tarry  bodies  had  been 
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distilled  oflf.  Next  the  dishes  were  transferred  to  a  muffle  and 
the  muffle  was  kept  at  a  dull  red  heat  for  4  hours  more,  the 
dishes  being  supported  on  small  tripods  to  prevent  their  touching 
the  walls  or  floor  of  the  muffle.  The  residue,  a  reddish  powder, 
was  then  taken  up  with  nitric  acid,  0.1  n,  and  run  through  the 
method  as  before.  Table  II  gives  the  result  of  six  consecutive 
experiments. 


TABT.R  II. 
Calcium  Recovered  per  100  Cc,  < 

if  Blood, 

Animal  No. 

New  method. 

ABhing. 

Cat  1 

mg. 
6.71 

7.62 
8.37 
6.13 
6.06 
6.54 

mg. 

6.73 

"   2 

. 

7.60 

Rabbit 

8.37 

Man  (1) 

6.13 

«      (2) 

6.14 

\"'  • 

**      (3) 

5.52 

Tests  for  iron,  after  the  calcium  had  been  thrown  down  as 
oxalate  and  the  precipitate  washed,  were  uniformly  negative. 

One  possible  source  of  error  then  remained  to  be  examined. 
It  is  conceivable  that  the  trichloroacetic  acid  might  dissolve 
some  protein-like  substance  from  the  blood,  which  could  be  car- 
ried through  the  various  precipitations  and  finally  thrown  down 
by  the  large  excess  of  ammonia  present  in  the  ammonium  stear- 
ate  reagent.  This  might  offset  a  possible  loss  of  calcium,  al- 
though, of  course,  the  probabiUty  of  the  two  errors  so  exactly 
balancing  each  other  is  slight.  If,  however,  such  a  hypothetical 
protein  body  were  destroyed  by  ashing  the  filtrate  from  the 
trichloroacetic  acid  precipitation,  a  determination  of  calcium  in 
this  ash  would  yield  lower  figures  than  where  the  proposed  method 
was  carried  straight  through  on  another  sample  of  the  same 
blood.    That  such  is  not  the  case  is  shown  in  Table  III. 

(3)  The  milk  determinations  were  checked  up  exactly  as  with 
blood.  After  the  samples  had  been  diluted  as  indicated  (p.  171), 
5  cc.  portions  were  pipetted  into  platinum  dishes  for  ashing  and 
into  trichloroacetic  acid  solution  for  determination  by  the  new 
method.    Since,  however,  the  residue  from  such  small  amounts 
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TABLE  m. 

Calcium  Recovered  per  100  Cc.  of  Blood, 


Animal  No. 

New  method. 

ABhing. 

Cat  1 

mg. 
7.10 

5.82 
5.84 
8.43 
6.22 

mg. 
7  12 

"    2 

5.86 

Rabbit  1 

5  80 

"        2 

8.44 

Man 

6  20 

of  milk  could  be  readily  burned,  the  free  flame  was  employed 
instead  of  the  hot  air  bath.  Table  IV  gives  the  result  of  seven 
such  experiments  on  milk  from  different  sources.  It  may  be 
remarked  that  Sample  2,  which  shows  an  unusually  low  calcium 
content,  came  from  a  somewhat  questionable  source  and  possibly 
had  been  diluted. 

TABLE  rv. 

Calcium  Recovered  per  100  Cc.  of  Milk. 


Sample. 

New  method. 

Ashing. 

mg. 

m0. 

1 

99.6 

99.3 

2 

86.6 

86.6 

3 

127.5 

127.0 

4 

121.5 

121.5 

5 

122.5 

123.5 

6 

129.5 

130.0 

7 

127.0 

127.5 

DISCUSSION. 

When  the  work  was  first  begun  on  this  method  it  was  thought 
that  by  using  a  large  excess  of  potassium  oxalate  it  might  be 
possible  to  precipitate  the  calcium  in  both  blood  and  milk  di- 
rectly, thus  avoiding  the  steps  of  coagulation  and  filtering.  The 
results  were,  however,  uniformly  too  low  in  both  cases.  In  blood 
either  part  of  the  calcium  is  in  chemical  combination,  perhaps 
with  a  protein,  or  else  the  blood  proteins  act  as  a  protective  col- 
loid, thus  preventing  the  calcium  oxalate  from  coming  down. 
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This  is  shown  by  the  following  experiment.  A  wide-mouthed 
bottle,  holding  2,000  cc.  and  containing  20  gm.  of  finely  powdered 
potassium  oxalate,  was  filled  with  ox  blood,  directly  from  the 
vein  of  the  animal,  and  thoroughly  shaken.  It  was  then  left  in 
the  ice  box  at  3*^0.,  for  3  days,  again  shaken,  and  a  portion  cen- 
trifuged.  50  cc.  of  the  top  fluid,  which  should  have  been  calcium- 
free,  were  then  run  into  6.5  per  cent  trichloroacetic  acid  solution, 
allowed  to  stand  a  short  time,  and  filtered.  150  cc.  of  the  fil- 
trate were  evaporated  to  dr3rness  in  a  large  platinum  dish  and  the 
residue  was  cautiously  burned.  The  ash  was  taken  up  with  0.1  n 
nitric  add  and  the  calcium  in  this  solution  determined  by  the 
new  method.  0.60  mg.  of  calciiun  per  ^00  cc.  of  blood  was  re- 
covered, or  a  little  over  10  per  cent  of  the  original  calcium  con- 
tent of  the  blood.  The  blood  of  a  cat  treated  in  the  same  man- 
ner yielded  1.87  mg.  of  calcium  per  100  cc.  of  blood,  or  31  per 
cent.  A  considerable  amount  of  calcium  had  therefore  escaped 
precipitation  as  oxalate. 

In  milk,  as  has  been  shown  by  Van  Slyke  and  Bosworth,*  the 
calcium  is  partly  in  true  solution,  partly  in  a  colloidal  state,  but 
chiefly  combined  with  protein,  probably  as  calciiun  caseinate. 
This  being  the  case,  the  low  results  obtained  were  what  might 
have  been  expected.  Attempts  at  direct  precipitation  were  there- 
fore abandoned,  and,  on  the  suggestion  of  Professor  Folin,  the 
trichloroacetic  acid  coagulation  was  adopted  instead.  Appar- 
ently this  treatment  is  suflJcient  to  Uberate  the  calcium  from  its 
caseinate  in  milk  and  from  its  protein  combination  in  blood,  as 
well  as  to  hold  the  inorganic  salts  in  solution.  In  the  precipi- 
tation of  calcium  oxalate  from  its  acid  solution  McCruddenV 
technique  has  been  followed,  modified  of  course  for  the  low  con- 
centration here  met  with.  This  manipulation  was  based  on  the 
principles  laid  down  by  Richards'  and  is  now  too  well  known  to 
need  conunent.  Fortunately  the  great  insolubiUty  of  calcium 
oxalate  in  dilute  solutions  of  anunonimn  oxalate  permits  very 
small  quantities  of  this  salt  to  be  handled  without  perceptible 
loss. 

*Van  Slyke,  L.  L.,  and  Bosworth,  A.  W.,  /.  Biol.  Cfiem.,  1915,  xx,  135. 
*McCnidden,  F.  H.,  /.  Biol.  Chem.,  1911,  x,  187. 

*  Richards,  T.  W.,  McCaflfrey,  C.  C,  and  Bisbee,  H.,  Proc.  Am.  Acad, 
ArU  and  Sc.y  1901,  xxxvi.  377. 
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The  development  of  the  ammonium  stearate  reagent  involved 
several  principles  worthy  of  mention.  In  the  first  place,  as  the 
calcium  soap  of  castor  oil  is  slightly  soluble  in  the  large  excess  of 
alkali  necessary  to  hold  even  the  potassium  soap  in  solution,  the 
clouds  produced  by  small  amounts  of  calcium  were  not  quanti- 
tative and  it  became  necessary  to  find  a  soap  of  lower  soIubiUty. 
After  trial  of  palmitates,  oleates,  and  some  others  without  suc- 
cess, it  was  found  that  calcium  stearate  would  answer  the  pur- 
pose, provided  a  solution  of  some  salt  of  stearic  acid  could  be 
prepared  which  would  remain  perfectly  clear  for  a  reasonable 
length  of  time.  Commercially,  three  agents  are  conunonly  em- 
ployed in  the  manufacture  of  liquid  soaps,  to  keep  the  solution 
from  hydrolyzing:  first,  excess  of  alkali,  preferably  carbonate; 
second,  alcohol;  and  third,  oleates,  which  have  the  remarkable 
power  of  restraining  the  hydrolysis  of  other  soaps.  The  insolu- 
bility of  ammonium  stearate  is  such  that  it  was  found  necessary 
to  use  all  three  of  these,  as  may  be  seen  by  reference  to  the 
description  of  this  reagent. 

The  large  excess  of  stearate  in  proportion  to  the  calcium  to  be 
precipitated  is  to  be  noticed.  If  this  excess  is  not  present,  the 
calcium  soap,  instead  of  remaining  suspended  in  an  even  cloud, 
settles  rapidly  to  the  bottom,  either  as  a  flocculent  mass,  or  as  a 
crystalline  precipitate,  and  is  of  course  worthless  for  nephelo- 
metric determination.  Finally,  the  saponification  of  fats  or  oils 
rich  in  stearates  by  sodium  or  potassium  hydroxide  was  found  to 
yield  an  unsatisfactory  reagent,  and  the  method  of  direct  union 
of  stearic  acid  with  ammonia  in  hot  alcohol  was  selected  instead. 
Aqueous  ammonium  hydrate  is  not  suitable  for  this  purpose. 

In  closing  I  should  like  to  point  out  that  as  the  introduc- 
tion of  0.002  mg.  of  caldium  in  the  course  of  the  determinations 
would  result  in  an  error  of  1  per  cent,  the  materials  used  must 
be  of  the  highest  purity.  It  is  well,  occasionally,  to  run  a  sample 
of  the  standard  through  the  whole  procedure  to  be  sure  that  there 
is  neither  gain  nor  loss  at  the  end. 


STUDIES  ON  AITIMAL  DIASTASES. 

« 

I.    THE  INCREASED   DIASTATIC  ACTIVITT    OF  THE   BLOOD  IN 

DIABETES  AND  NEPHRITIS. 

By  victor  C.  MYERS  and  JOHN  A.  KILLIAN. 

(From  the  Laboratory  of  Pathological  Chemistry ^  New  York  Poet-Graduate 

Medical  School  and  Hospital.) 

(Received  for  publication.  January  17,  1917.) 

Although  it  has  been  recognized  since  the  time  of  Magendie^  that  blood 
possessed  active  diastatic  properties,  no  studies  of  a  conclusive  nature 
appear  to  have  been  published  relative  to  the  activity  of  the  blood  diastase 
in  human  subjects  suffering  from  diabetes.  From  an  investigation  of 
this  question  on  human  diabetics,  Foster,*  Bainbridge  and  Beddard,* 
Schlesinger,^  Wynhaus6n,*  Ghedini,*  and  Stocks,'  were  unable  to  come 
to  any  conclusions,  though  Loewi'  regarded  the  diastase  of  considerable 
importance,  and  Moeckel  and  Rost*  state,  apparently  from  meager  data, 
that  the  diastatic  activity  of  the  blood  in  human  diabetes  is  almost  al- 
ways higher  than  normal. 

The  results  obtained  on  depancreatized  dogs  have  likewise  been  con- 
tradictory, although  Milne  and  Peters,^^  in  a  comparatively  large  series 
of  experiments  carried  out  on  the  dog,  uniformly  obtained  a  decided  in- 
crease in  the  diastase  of  the  blood  after  removal  of  the  pancreas.  We  have 
obtained  similar  results  on  one  of  Dr.  Murlin's  depancreatized  dogs." 

Milne  and  Peters  state:  "The  comparison  of  these  results  with  what  is 
found  in  diabetes  is  of  interest,  as  it  might  well  be  that  the  excessive  amount 

^  Magendie,  Compt.  rend,  Acad.,  1846,  xxiii,  189. 
» Foster,  M.,  J.  AnaL  and  Physiol,,  1867,  i,  107. 

*  Bainbridge,  F.  A.,  and  Beddard,  A.  P.,  Biochem,  J.,  1907,  ii,  89. 

*  Scblesinger,  W.,  Deutsch.  med.  Woch.,  1908,  xxxiv,  593. 
/Wynhausen,  O.  J.,  BerL  klin.  Woch,,  1910,  xlvii,  1281. 

•Ghedini,  G.,  Clin.  med.  ital.,  1912,  li,  146. 

^Stocks,  P.,  Quart.  J.  Med.,  1916,  ix,  216. 

•Loewi,  O.,  Marburger  Sitzher.  (Nov.),  through  Biochem.  Zentr.,  1905- 
06,  iv,  271. 

'  Moeckel,  K.,  and  Rost,  F.,  Z.  physiol.  Chem.,  1910,  Ixvii,  433. 
"Milne,  L.  S.,  and  Peters,  H.  LeB.,  J.  Med.  Research,  1912,  xxvi,  415. 

*^  Our  thanks  are  due  to  Dr.  Murlin  for  placing  this  material  at  our 
disposal. 
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of  sugar  in  the  blood  is  produced  by  an  increased  diastatic  action  of  the 
serum  causing  an  excessive  conversion  of  glycogen  into  glucose."  They 
do  not  appear,  however,  to  have  studied  this  question  on  cases  of  human 
diabetes.  It  is  also  worthy  of  note  in  this  connection  that  Lesser"  found 
that  the  postmortem  glycogenolysis  of  the  liver  of  depancreatized  frogs 
was  three  times  the  normal. 

It  has  been  recognized  for  some  time  that  nephritis  may  be  accompanied 
by  a  decrease  in  the  excretion  of  diastase  in  the  urine,  which  fact  has,  in- 
deed, been  utilized  as  a  means  of  determining  the  impairment  in  renal 
function.^  That  this  decreased  excretion  of  the  diastatic  enzyme  is  ac- 
companied by  an  accumulation  in  the  blood  has  been  shown  by  LcBper  and 
Fical,^^  Hirata,"  and  Stocks,'  the  last  of  whom  has  reported  a  number  of 
observations  with  the  Wohlgemuth  method  on  cases  of  nephritis  in  human 
subjects. 

The  paucity  of  reliable  data  on  the  subject  of  the  diastatic 
activity  of  the  blood  appears  to  be  due  to  the  lack  of  a  sufficiently 
delicate  and  acciu-ate  method.  Of  the  different  methods  em- 
ployed, those  dependent  upon  the  estimation  of  the  reducing 
sugars  formed  are  the  most  satisfactory.  The  procedure  in- 
troduced by  Lewis  and  Benedict,^*  for  the  estimation  of  the  sugar 
of  the  blood  has  been  found  useful  in  the  estimation  of  the  di- 
astatic activity. 

Method. 

Two  2  cc.  samples  of  oxalated  blood  are  taken,  one  being  em- 
ployed as  a  control.  The  control  tube^^  is  made  up  to  10  cc.  with 
distilled  water,  and  the  tube  to  be  employed  for  the  test  to  9  cc. 
Both  tubes  (cylindrical  centrifuge  tubes)  are  now  placed  in  a 
water  bath  at  40°C.  As  soon  as  the  contents  of  the  tubes  have 
been  brought  to  this  temperature,  1  cc.  of  1  per  cent  soluble  starch 
is  added  to  the  second  tube,  the  contents  are  mixed,  and  incuba- 
tion is  then  carried  out  for  exactly  15  minutes  at  40°C.    After- 

>«  Lesser,  E.  J.,  Biochem.  Z.,  1913,  Iv,  355. 

"  See  Geyelin,  H.  R.,  Arch,  Int.  Med.,  1914,  xiii,  96. 

**  Loeper,  M.,  and  Fical,  J.,  Arch.  nUd.  cxp.,  1907,  xix,  722. 

»  Hirata,  G.,  Biochem.  Z.,  1910,  xxviii,  23. 

*•  Lewis,  R.  C,  and  Benedict,  S.  R.,  /.  Biol.  Chem.,  1915,  xx,  61. 

^^  If  a  sugar  estimation  is  being  made  simultaneously,  there  would 
appear  to  be  no  good  reason  for  running  a  control,  since  a  15  minutes' 
incubation  results  in  no  appreciable  change  in  the  blood  sugar.  The  con- 
trol may,  however,  be  made  the  basis  of  the  blood  sugar  estimation. 
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the  incubation  has  been  completed,  about  1  gm.  of  dry  picric 
acid  is  at  once  added  to  each  tube  and  the  mixtures  are  stirred. 
When  the  proteins  are  precipitated,  the  tubes  are  centrifuged 
and  the  yellow  supernatant  fluid  ife  filtered.  The  sugar  in  3  cc. 
portions  of  the  filtrates  is  now  estimated  according  to  the  tech- 
nique described  by  Myers  and  Bailey.^*  Correction  is  made  for 
the  sugar  originally  present  in  the  blood  (with  the  aid  of  the  con- 
trol) and  for  the  slight  reducing  action  of  the  soluble  starch. 
The  results  have  been  recorded  in  terms  of  the  percentage  of  the 
soluble  starch  (10  mg.)  transformed  to  reducing  sugars  (calculated 
as  glucose)  by  the  2  cc.  of  blood  employed. 

TABLE  I. 

The  Influence  of  Varying  the  Amount  of  Substrate  on  the  Diaatatic 

Activity  of  2  Cc,  of  Blood, 


Case. 


N.  L 
L.  0. 
G.  B. 
F.  P. 

R.  T. 


Blood 
ausar. 


per  cent 

0.50 
0.46 
0.28 
0.28 

0.11 


Amount  of  soluble  starch  employed. 


10  mg. 


20  mg. 


30  mg. 


40  mg. 


Reducing  sugar  formed. 


mg. 

4.65 
4.57 
4.47 
4.28 
2.27 
2.30* 


mg. 

mg. 

4.66 

4.63 

4.36 

4.75 

4.36 

4.45 

4.57 

4.27 

2.26 

2.37 

2.25* 

2.30* 

mg. 

4.46 
4.54 
4.44 

2.26 
2.25* 


•  Glycogen  employed. 

It  is  believed  that  10  mg.  of.  starch  furnish  a  suflBcient  substrate 
for  all  ordinary  conditions  with  human  blood  (except  possibly 
in  very  severe  diabetes),  since  practically  identical  results  have 
been  obtained  with  amounts  of  starch  up  to  40  mg.,  as  shown  in 
Table  I.  Glycogen  offers  no  advantage  over  soluble  starch, 
since  the  results  are  essentially  identical.  This  is  evident  from 
the  data  given  in  Table  II.  The  possible  error  of  glycolysis 
would  appear  to  be  an  entirely  negligible  one  during  a  15  minute 
period  of  incubation.  ♦ 


"  Myers,  V.  C,  and  Bailey,  C.  V.,  /.  Biol.  Chem,,  1916,  xxiv,  147. 


182 


Animal  Diastases.    I 


The  scheme  we  have  followed  in  recording  our  results  is  an 
arbitrary  one,  but  the  figures  obtained,  ranging  from  15  to  75, 
are  satisfactory  for  expressing  the  variations  in  the  diastatic 
activity  of  hmnan  blood.  If  it  is  desired  to  express  the  data  in 
mg.  of  reducing  sugar  formed  per  100  cc.  of  blood,  this  may  readily 
be  done  by  multiplying  the  above  figures  by  5.  Some  such  method 
of  recording  the  results  would,  obviously,  be  necessary  in  com- 
paring the  activity  of  the  blood  with  that  of  other  body  tissues. 
It  is  believed  that  the  salt  content  already  present  in  the  blood 
is  sufficient  to  exercise  a  satisfactory  activating  influence  on  the 
diastatic  enzyme.*' 

TABLE  II. 

The  CamparcUive  Diastatic  Activity  on  Soluble  Starch  and  Glycogen. 


Case. 

Blood 
susar. 

Soluble 
starch 
10  mg. 

Glyoogen 
10  mg. 

Reducing  sugar  formed. 

F.  P 

per  ceni 

0.55 
0.17 
0.16 
0.16 
0.16 
0.11 

mg. 

7.39 
4.23 
4.35 
3.37 
1.73 
2.27 

mg. 
7.40 

H.  1 

4.12 

F.  M 

4.40 

W.  H 

3.24 

A.  K 

1.72 

R.  T 

2.30 

DISCUSSION   OF  DATA. 


The  data  which  have  been  collected  on  the  diastatic  activity 
of  human  blood^*^  have  been  arranged  in  tabular  form  under  four 
general  headings:  normals,  diabetics,  nephritics,  and  miscellane- 


^*  For  discussion  of  factors  which  need  to  be  borne  in  mind  in  estimat- 
ing diastatic  power,  see  Sherman.  H.  C,  Kendall,  E.  C.^  and  Clark,  £.  D., 
J,  Am.  Chem.  Soc,  1910,  xxxii,  1073,  and  Kendall,  E.  C,  and  Sherman,  H. 
C,  ibid.,  1910,  xxxii,  1087. 

*®  We  are  indebted  to  Dr.  Edward  Quintard,  Director,  and  to  Drs.  A.  F. 
Chace  and  Ludwig  Kast,  and  other  members  of  the  staff  of  the  Depart- 
ment of  Medicine  for  placing  these  cases  at  our  disposal,  and  to  Dr.  R.  C. 
Hood  of  the  Laboratory  Interne  Staff,  for  valuable  assistance.  Our  thanks 
are  likewise  due  to  members  of  the  Laboratory  Interne  Staff  for  serving 
as  our  controls. 
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ous  conditions.  The  results  of  other  blood  analyses,  w?.,  the 
sugar  and  COi-combining  power  and  the  non-protein  nitrogenous 
constituents,  have  likewise  been  included  for  the  reason  that  they 
furnish  comparative  data,  and  further,  constitute  an  excellent 
index  of  the  condition  of  the  different  cases. 

The  findings  on  six  normal  men  are  given  in  Table  III.  It  will 
be  noted  that  the  activities  in  these  subjects  fall  within  narrow 
limits,  15  to  17.  From  the  data  that  we  have  obtained,  it  would 
seem  reasonable  to  conclude  that  normally  the  diastatic  activity 
of  the  blood  should  not  rise  above  25,  and  an  even  safer  limit 
might  be  between  15  and  20.  With  regard  to  the  other  analytical 
data,  it  will  be  noted  that  the  uric  acid  for  the  last  case  appears 


TABLE  HI. 

The  Diastatic  Activity  of  the  Blood  in  Normal  Subjects. 


Subjeet. 

Ace. 

Sex. 

Diastatio 
activity. 

Blood 
sugar. 

Uric 
arid. 

Urea 

N. 

Creat- 
inine. 

Ptor  lOOcc 

1. 

pra. 

per  cent 

tng. 

mg. 

mg. 

C.  E.  W 

25 

cf 

17 

0.12 

3.9 

13.2 

1.4 

w.  o.  u 

24 

d^ 

17 

0.11 

3.0 

13.6 

2.3 

«•  A*  JV«  ••..• 

25 

d^ 

17 

0.10 

3.3 

14.8 

1.1 

A.  Jj.  Ij 

27 

cf 

17 

0.10 

4.3 

14.1 

1.1 

R.  C.  Q 

28 

d^ 

16 

0.10 

3.3 

14.1 

1.2 

W.  M.  H 

29 

d^ 

15 

0.11 

4.8 

.12.8 

1.0 

high,  and  it  may  be  said,  concerning  this  subject,  that  he  had 
recently  recovered  from  a  mild  attack  of  acute  nephritis. 

By  reason  of  the  marked  contrast  to  the  normal  and  their 
importance,  the  observations  on  the  diastatic  activity  of  the 
blood  in  diabetes  will  next  be  considered.  Data  on  thirteen  cases 
have  been  collected  in  Table  IV.  Determinations  of  the  non- 
protein nitrogenous  constituents  were  made  in  many  of  these 
cases,  but  as  the  figures  were  essentially  normal,  they  have  not 
been  included.  It  will  at  once  be  noted  that  the  diastatic  activity 
is  uniformly  from  two  to  four  times  the  figure  normally  observed 
—figures  from  39  to  74.  It  will  further  be  observed  that,  with 
the  exception  of  Case  4,  there  is  a  rather  close  relationship  be- 
tween the  blood  sugar  and  the  diastatic  activity.    Case  4  was 
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on  a  rigidly  restricted  diet  throughout  the  period  of  observation 
and  this  would  serve  to  explain  the  comparatively  low  figures 
for  blood  sugar  with  the  high  diastase  figures,  while,  on  the  other 
hand,  the  high  diastatic  activity  affords  an  explanation  as  to 
why  the  restriction  in  the  diet  was  unable  to  bring  the  blood  sugar 
down  to  normal.    It  should,  perhaps,  be  noted  that  on  October 


TABLE  IV. 
The  Diastatic  Activity  of  the  Blood  in  Diabetes. 


Case. 


1    F  P 

^«     O*    JL*  •••••• 

Oa      mU*     Vi/*  •••••» 


4.  F.  M. 


6.  G.  A 

6.  J.  B 

7.  R.  G 

o.   X.  A 

*/•  ^  •    Xm,.  . . . . . 

10.  N.  L 

11.  F.  B 

12.  T.  H 

13.  L.  M 


Age. 

Sex. 

r-t. 

51 

& 

52 

& 

9 

26 

& 

53 

d^ 

65 

d^ 

57 

9 

56 

9 

51 

9 

55 

9 

47 

cf 

71 

(f 

62 

9 

Date. 


m$-l7 

/Nov.  17 

\    "      24 

Dec.     6 

Nov.  28 

"      10 

it 


it 


« 


« 


tt 


14 

17 

21 

24 

26 

Dec.  23 

Nov.    1 

1 

fOct.    28 

1    "      10 

"      27 

Dec.    6 

Nov.  29 

Jan.     3 

3 

9 


it 


Diastatic 

BkxKl 

activity. 

sucar. 

per  cent 

74 

0.55 

47 

0.28 

64 

0.40 

59 

0.52 

59 

0.17 

44 

0.16 

43 

0.17 

39 

0.18 

41 

0.20 

57 

0.44 

56 

0.30 

53 

0.43 

53 

0.26 

51 

0.34 

49 

0.22 

47 

0.50 

46 

0.28 

45 

0.28 

42 

0.23 

42 

0.26 

24 

0.12 

COi- 
oombiniof 
power  (Van 
Slyks). 


54 


58 
49 
56 


56 
60 

50 


56 


22  the  blood  sugar  in  this  case  was  0.29  per  cent.  A  diastase 
estimation  was,  unfortunately,  not  made  at  that  time.  Case  13 
cleared  up  quickly  after  admission  to  the  hospital,  and  it  will  be 
observed  that  the  fall  in  the  diastatic  activity  corresponds  with 
the  fall  in  blood  sugar.  Higher  blood  sugars  in  one  case  than 
another,  with  the  same  diastatic  activity,  would  appear  to  depend 
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largely  upon  the  supply  of  carbohydrate  (glycogen)  available. 
The  figures  for  the  COj-combining  power  (Van  Slyke),  no  one 
of  which  is  much  below  normal,  are  apparently  without  special 
significance  in  this  series. 

A  recent  observation  bearing  on  the  influence  of  the  adminis- 
tration of  alkali  may  be  of  interest  in  this  connection.  The  dia- 
static  activity  of  the  blood  in  a  severe  case  of  diabetes  (J.  S.), 
who  was  taking  large  quantities  of  sodimn  bicarbonate,  was  26 
and  the  blood  sugar  0.44  per  cent.  Upon  discontinuing  the 
alkali  therapy  for  40  hours  the  blood  diastase  rose  to  71  and 
the  blood  sugar  to  0.58  per  cent.  The  patient  was  again  put 
upon  alkah,  but  died  several  days  later,  before  we  were  able 
to  secure  another  specimen  of  blood.  Although  the  question  of 
the  action  of  the  alkali  is  important,  the  data  we  have  so  far 
been  able  to  collect  do  not  warrant  a  discussion  of  this  subject. 
We  have,  however,  made  a  few  observations  upon  the  action  of 
alkali,  and  also  of  ether  anesthesia,  upon  the  blood  diastase  and 
sugar. 

The  diastatic  activity  of  the  blood  has  also  been  determined 
in  two  cases  of  carcinoma  of  the  pancreas.  In  one  (T.  L.)  a 
blood  diastase  of  45  and  a  blood  sugar  of  0.15  per  cent  was 
found,  and  in  the  other  (D.  M.)  a  diastase  of  45  and  a  blood 
sugar  of  0.14  per  cent. 

That  diabetes  is  not  the  only  condition  in  which  an  increase 
in  the  diastatic  activity  of  the  blood  may  be  found,  is  shown  by 
the  data  on  cases  of  nephritis  given  in  Table  V,  more  than  half 
of  which  gave  abnormally  high  activities.  In  Case  1  the  figure 
was  52  just  before  death.  It  will  be  noted  that  the  cases  with 
the  increased  diastatic  activity  almost  invariably  showed  a  hyper- 
glycemia, and  it  would  seem  that  the  diastase  stood  in  a  causal 
relation  to  this.  Attention  was  called,  a  year  ago,  to  the  high 
blood  sugars  frequently  encountered  in  nephritis,^^  but  at  that 
time  we  were  unable  to  offer  a  satisfactory  explanation  for  the 
hyperglycemia.  Judging  from  a  comparison  of  the  data  on  the 
diastatic  activity  and  the  urea,  it  would  appear  that  nitrogen 
retention  was  generally  accompanied  by  an  increase  in  the  blood 
diastase,  probably  due,  likewise,  to  an  inefficiency  on  the  part  of 
the  kidney.  In  Cases  1,  3,  and  11,  in  which  a  series  of  analyses 
was  made,  it  will  be  noted  that  there  is  a  striking  parallelism 
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TABLE  V. 

The  Diastatic  Activity  of  the  Blood  in  Nephritis, 


Case. 

AffB. 

Sex. 

Diastatic 

Bkxxl 
supu>. 

Uric 
add. 

UreaN. 

Craat^ 

inine. 

activity. 

Per  100  oe. 

1.  M.  P 

|fr«. 

25 

34 

34 

64 
60 
20 
64 
30 
17 
72 

41 

42 
54 
43 
42 
40 
29 
43 
30 
23 
64 

55 

38 

9 

d" 

d" 
9 
9 
cf 
9 
9 
cf 

cf 

9 

d^ 
d^ 
9 
d^ 
9 
9 
9 
d^ 
d' 

d^ 

9 

< 
< 

'38 
41 
44 
52 
42 
[32 
32 
41 
38 

per  cent 

0.17 

0.15 

0.27 

0.22 

0.21 

0.14 

0.14 

0.16 

0.16 

0.16 

0.16 

0.18 

0.20 

0.13 

0.32 

0.14 

0.13 

0.13 

0.11 

0.16 

0.18 

0.14 

0.13 

0.12 

0.12 

0.12 

0.14 

0.13 

0.12 

0.14 

0.14 

0.12 

0.13 

mg. 

8.0 

11.0 

4.4 
6.0 
6.3 
6.3 

2.3 

4.5 

7.3 

6.4 
2.3 

5.5 

4.4 

8.3 

5.5 

8.1 
7.5 

mg. 

85 
123 
141 
156 
85 
60 
62 
135 
110 
30 
85 
16 
86 
22 
72 
20 
28 
28 
39 
47 
16 
32 
23 
14 
35 
16 
20 
68 
17 
29 
16 
20 
28 

8.1 
11.6 

2.  E.  P 

14.4 
12.1 
17.6 

q      T    "D 

7.5 
7.3 

4.  W.  McD 

9.7 

12.5 

2.7 

5.  M.  B 

34 
34 
33 
31 

3.2 

ft    C*    V 

2.1 

7.  D.  S 

4.1 

9.  N.  W 

5.0 

6.1 

10.  J.  V.  M 

11.  J.  M 

1 

30 

'21 

22 

25 

.30 

9ft 

1.8 
2.9 
3.6 

l^>    x* .   J\..  ............ 

1.9 
3.6 
2.1 

28 
27 
27 
26 
24 
23 
22 
22 
21 
/20 
\17 
1.1 

2.3 

14.  T.  N 

2.2 

15.  K.  W 

1.9 

16.  A.  P 

3.4 

17.  R.  M 

2.0 

J.S.       J".     J^L........    ...... 

2.8 

18.7 
1.9 

^0.        X5a       D 

21.  M.  Y 

1.5 

22.  J.  G 

23.  G.  B 

2.5 
2.3 
1.6 

Case  1,  COi-combining  power  =  (2)31;  (3)56,  after  alkali;  (4)  44;  died. 

2,  "  "      =  32,  died. 

3,  "  "      =  (2)  32. 
9,              "  "      =  20. 


u 
it 
it 


"   11,  "  ''      =  (3)  47. 

**   19,  analyses  after  decapsulation  of  kidneys. 
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between  the  urea  and  the  diastase.  Case  9,  with  the  highest 
blood  sugar,  showed  the  lowest  COr^Jombining  power. 

Of  the  thirty-four  cases  included  in  Table  VI  under  miscel- 
laneous conditions,  the  first  eight  may  be  regarded  as  showing 
an  increased  diastatic  activity.  With  the  exception  of  Case  7, 
they  all  exhibited  a  slight  hyperglycemia.  It  is  interesting  to 
note  that  when  inquiry  was  made  of  Cases  3  and  7,  both  of  whom 
were  physicians  and  whose  blood  had  been  examined  for  reasons 
other  than  the  blood  sugar,  a  history  of  a  previous  transient 
mild  glycosuria  was  obtained.  Cases  1,  2,  and  4  show  a  decided 
hjrperglycemia,  but  the  meager  histories  on  these  cases  give  no 
evidence  of  a  glycosuria.  Of  the  remaining  twenty-five  cases 
with  diastase  figures  below  25,  only  three.  Cases  16,  24,  and  32, 
exhibit  a  decided  hyperglycemia. 

It  would  hardly  seem  profitable,  in  the  present  communication, 
to  enter  into  an  extended  discussion  of  the  rdle  of  diastases  in 
metabolism.  It  should,  perhaps,  be  noted  here  that  the  term 
diastase  has  been  used  in  preference  to  amylase  or  glycogenase, 
for  the  reason  that  diastase  is  a  broader  term  and  might  be  re- 
garded as  covering  action  on  both  starch  and  glycogen. 

Some  text-books  in  mentioning  the  diastase  of  the  blood  state 
that  the  amount  present  is  too  small  to  be  of  any  practical  im- 
portance. It  may  be  said,  in  this  regard,  that  the  6  liters  of 
blood  of  a  normal  subject  of  70  kilos  could  convert  1  kilo  of  starch 
to  sugar  in  24  hom-s,  if  the  activity  of  the  blood  remained  at  20, 
according  to  the  above  method,  dm*ing  that  time. 

The  character  of  the  blood  sugar  curve,  after  the  administra- 
tion of  glucose,  has  been  the  subject  of  a  number  of  investiga- 
tions. The  blood  diastase  may  possibly  be  the  important  deter- 
minmg  factor  here.  The  increased  diastatic  activity  may  like- 
wise explain  the  inability  to  secm-e  a  storage  of  glycogen  in  the 
liver  of  diabetic  animals.*^  It  would  seem  logical  to  expect  that 
an  alimentary  glycosm-ia  should  occtu:  in  individuals  with  an 
increased  diastatic  activity.  Fmiihermore,  the  diastatic  activity 
of  the  blood  may,  indeed,  furnish  a  method  of  detecting  cases 
of  incipient  diabetes. 

Whether  or  not  the  diastatic  activity  of  the  blood  is  normally 
regulated  by  some  internal  secretion,  derived,  possibly,  from  the 

*'See  Kramer,  B.,  and  Marker,  J.,  J.  Biol,  Chem.y  1916,  xxiv,  p.  xxiv. 
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TABLE  VL 
The  Diastatic  Activity  of  the  Blood  in  Miscellaneous  Conditions, 


Caae. 


1.  S.  S. 

2.  W.  H. 

3.      tjm     M. 


4.  A.  M. 

5.  M.  J. 

6.  D.  D. 

7.  Z.  D. 

8.  A.  D. 

9.  O.  E. 

10.  I.O'L. 

11.  S.  S. 

12.  R.  T. 

13.  J.  XV. 

14.  D.  A. 

15.  J.  S. 

16.  E.  S. 

17.  L.  H. 

18.  P.  S. 

19.  R.  M. 

20.  M.  O. 

21.  B.  P. 

22.  S.  L. 

23.  M.  S. 

24.  E.  J. 

25.  V.  R. 

26.  H.  L. 

27.  M.  H. 

28.  L.  B. 

29.  D.  S. 

30.  M.  M. 

31.  A.  K. 

32.  B.  C 

33.  H.  D. 

34.  J.  B. 


Ace. 

Sn. 

|fr«. 

32 

c^ 

47 

d^ 

36 

d^ 

42 

9 

43 

9 

38 

cf 

53 

d^ 

35 

9 

27 

d^ 

36 

cf 

28 

cf 

29 

d^ 

37 

d^ 

18 

d' 

53 

d" 

45 

9 

32 

d^ 

50 

& 

39 

9 

27 

& 

18 

9 

37 

d^ 

35 

d^ 

49 

d^ 

37 

9 

64 

d^ 

57 

9 

55 

9 

47, 

d^ 

55 

& 

28 

d^ 

35 

9 

72 

d^ 

24 

9 

Diagnmrii  and  remarks. 


Bronchitis,  died. 

Lues. 

Slight  albuminuria  and  cylin- 

duria,  glycosuria  noted  on 

one  occasion. 
Syphilis. 
Fibrillation. 

Gastric  ulcer  and  gall-stones. 
Transient   glycosuria   noted 

on  two  occasions. 
Visceroptosis. 
Right  side  hemiplegia. 
Sciatica. 
Incipient  tuberculosis. 


S3rphilis. 

Carcinoma  of  stomach. 

Infectious  arthritis. 

Tabes. 

Duodenal  ulcer. 

Enteroptosis. 

Chronic  constipation. 

Cystic  ovaritis. 

Neurasthenia. 

Duodenal  ulcer. 

Cardiac  with  pleural  effusion . 

Lues,   enteroptosis,  and  py- 
loric stenosis. 

Hy  per  trophic  d  prostate,  pneu- 
monia, died. 

Raynaud's  disease. 

Lues. 

Hypertension. 

Hypertrophied  prostate. 

Pericarditis  and  arthritis. 

Luetic  cirrhosis. 

Hypertrophied  prostate,  car- 
cinoma of  sigmoid. 

Enteroptosis. 


•S5 

la 


{ 


39 
34 
34 
29 

30 
300 
29 
29 


28 
25 
24 
23 
23 
23 
23 
21 
21 
21 
21 
20 
20 
19 
18 
17 
17 
17 

16 

16 
16 
16 
15 
15 
15 
15 

14 


per 
cent 

0.19 
0.16 
0.16 
0.11 


0.16 

.14 

0.14 

0.12 


0.14 
0.12 
0.12 
0.13 
0.11 
0.13 
0.12 
0.13 
0.17 
0.12 
0.12 
0.10 
0.12 
0.12 
0.12 
0.12 
0.16 
0.12 

0.14 

0.13 
0.11 
0.12 
0.12 
0.13 
0.16 
0.12 

0.14 


Uric 
acid. 


Urea 

N. 


la 


PerlOOoe. 


mg. 

mg. 

16 

13 

6.1 

13 

5.1 

12 

18 

12 

15 

6.6 

13 

19 

25 

20 

14 

5.8 

14 

6.2 

20 

4.3 

14 

21 

15 

21 

19 

13 

5.0 

17 

11 

3.2 

12 

22 

27 

22 

5.8 

21 

1.4 

14 

11 

6.1 

20 

4.5 

13 

17 

12 

6.1 

22 

18 

2.0 
2.3 
1.3 
1.7 

1.3 
1.1 
2.1 
1.8 

1.5 
2.4 
2.0 
1.7 
1.3 
1.2 
1.8 
1.5 
2.1 
2.1 
1.4 
1.5 
2.6 
1.9 
1.4 
2.0 
1.8 
1.9 

3.5 

1.3 
1.1 
1.7 
2.4 
2.3 
1.6 
1.9 

1.4 
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pancreas,  it  is  impossible  to  say.  For  a  discussion  of  the  inter- 
nal secretions  in  this  connection,  reference  may  be  made  to 
Macleod.** 

Our  studies  on  diastatic  activity  with  this  method  were  origi- 
nally begun  upon  the  ptyalin  of  the  saliva,  and  it  is  planned  to 
present  a  report  of  this  work  shortly.  Other  studies  are  in 
progress. 

SUMIIfARY. 

A  simple  method  for  the  determination  of  the  diastatic  activity 
of  human  blood  is  described. 

The  diastatic  activity  of  the  blood  in  six  normal  human  sub- 
jects ranged  from  15  to  17  with  this  method.  From  the  study 
of  a  considerable  number  of  miscellaneous  hospital  cases,  it 
would  appear  that  the  upper  normal  limit  was  25.  In  a  series 
of  13  cases  of  diabetes,  the  figures  for  the  diastatic  activity  of 
the  blood  varied  from  39  to  74.  In  a  series  of  23  cases  of  nephritis, 
11  showed  diastase  figures  ranging  from  30  to  52.  Of  the  11 
cases,  7  exhibited  marked  nitrogen  retention. 

The  results  suggest  that  the  increased  diastatic  activity  in 
both  diabetes  and  nephritis  (as  shown  by  the  analyses  of  the 
blood)  may  be  the  important  factor  in  the  production  of  the  hyper- 
glycemia in  these  conditions. 

The  increased  diastatic  activity  of  the  blood  in  nephritis  finds 
probable  explanation  in  the  decreased  excretion  of  diastase  in 
the  urine,  now  well  known  in  this  condition,  but  it  is  not  possible, 
at  present,  to  offer  a  satisfactory  explanation  of  the  increased 
diastatic  activity  of  the  blood  in  diabetes. 

A  fall  in  the  blood  diastase  would  appear  to  afford  a  more  reli- 
able guide  to  the  efficacy  of  the  dietetic  treatment  in  diabetes 
than  either  the  blood  sugar  or  m-ine  sugar.  Furthermore,  an 
increase  in  blood  diastase  may  constitute  a  very  early  sign  of 
impending  diabetes. 

'^Macleod,  J.  J.  R.,  Diabetes:  Its  Pathological  Physiology,  London, 
1913,  89. 


THE  AMINO-ACm  NITROGEN  CONTENT  OF  THE  BLOOD 

OF  VARIOUS  SPECIES. 

By  JOSEPH  C.  BOCK. 

{From  the  Department  of  Chemistryy  Cornell  University  Medical  College, 

New  York  City.) 

(Received  for  publication,  January  23,  1917.) 

The  data  thus  far  available  upon  the  quantitative  occurrence 
of  amino-acid  nitrogen  in  the  blood  of  different  species  are  far 
from  complete.  Furthermore,  many  of  the  figures  heretofore 
reported  have  been  obtained  after  preliminary  removal  of  the 
blood  proteins  with  alcohol,  a  procedure  which  has  been  shown 
to  be  imdesirable  from  the  standpoint  of  accuracy.'  It  was, 
therefore,  believed  that  it  would  be  of  interest  to  make  a  fairly 
complete  survey  of  the  question  of  the  quantity  of  amino-acid 
nitrogen  in  various  bloods,  making  use  of  one  method  throughout, 
which  had  been  foimd  to  be  the  most  accurate  available.  The 
results  thus  obtained  form  the  subject  of  the  present  paper. 

Blood  from  various  animals,  as  well  as  normal  and  pathological 
human  blood,  was  obtained  and  the  amino-acid  nitrogen  deter- 
mined by  the  following  method.* 

Introduce  into  a  flask  approximately  0.4  gm.  of  ground  (20  mesh)  soy 
bean,  3  to  5  cc.  of  water,  and  1  cc.  of  3  per  cent  solution  of  crystallized 
NaHtP04.  Let  stand  a  few  minutes  with  occasional  shaking.  Run  in 
20  to  50  cc.  of  blood  and  allow  to  stand  at  room  temperature  for  30  minutes. 
Heat  0.01  N  acetic  acid  to  boiling,  using  five  volumes  of  acid  for  one  of  blood. 
Run  in  the  blood  slowly  and  boil,  stirring  for  }  minute.  Add  the  same 
amount  of  boiling  water  and  boil  with  stirring  for  1  minute.  Filter  hot 
through  a  folded  filter  and  wash  the  casserole  three  times  with  30  cc.  por- 
tions of  water,  heating  the  water  in  the  casserole  and  using  a  rubber- 
tipped  stirring  rod.  Boil  down  the  filtrate  rapidly  over  a  free  flame  in  a 
casserole.  Transfer  to  a  small  graduated  flask  or  cylinder,  choosing  the 
size  so  as  to  obtain  nearly  the  original  volume  of  the  blood.  Wash  the 
casserole  three  times  with  the  smallest  possible  amount  of  water.    The 

» Bock,  J.  C,  J,  Biol  Chem.,  1916-17,  xxviii,  357. 

*This  method  has  been*  previously  described  in  detail  by  the  writer.^ 
It  is  repeated  here  for  the  sake  of  completeness. 
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volume  after  washing  should  not  be  more  than  about  three-fourths  of  the 
final  volume.  Add  enough  trichloroacetic  acid  to  make  an  approximately 
3  per  cent  solution  (either  the  solid  acid  or  a  corresponding  amoimt  of  50 
per  cent  solution  is  used).  Dilute  to  volume,  shake,  and  let  stand  30 
minutes.  Add  2  gm.  of  kaolin,  shake  well,  centrifuge,  and  filter.  Trans- 
fer an  aliquot  part  (15  to  40  cc.)  of  the  filtrate  to  a  small  flask  (50  to  100  cc. ), 
add  two  or  three  beads,  one  drop  of  alizarin  indicator,  bring  to  a  boil, 
and  keep  slowly  boiling  (simmering)  until  the  indicator  turns.  Add  1 
to  2  cc.  of  N  potassium  hydroxide,  and  boil  1  to  2  minutes  to  remove  the 
ammonia.  Make  acid  with  a  few  drops  of  acetic  acid  and  evaporate  tor  a 
small  volume.  The  whole  amount  may  be  used  in  the  micro  Van  Slyke 
apparatus  or  the  liquid  transferred  to  a  small  graduated  test-tube,  diluted 
to  a  definite  volume,  and  aliquot  portions  measured  out  by  means  of  the 
burette  of  the  Van  Slyke  apparatus.* 

The  heat  coagulation  gives  clear  and  easily  filterable  precipitates  with 
freshly  drawn  blood;  i.e.,  blood  not  over  24  hours  old.  If  the  blood  has 
been  drawn  for  more  than  that  time,  it  often  happens  that  the  filtrate 
from  this  precipitation  is  not  entirely  clear  and  the  solution  filters  very 
slowly.  The  same  thing  has  been  foimd  with  laked  or  frozen  blood.  In 
such  cases  the  blood  must  be  precipitated  with  nine  volumes  of  2.5  per 
cent  trichloroacetic  acid  and  treated  as  described  in  a  previous  paper.  ^ 

The  blood  of  larger  animals,  such  as  the  ox,  calf,  sheep,  and  pig,  was 
obtained  from  slaughter  houses  and  immediately  (1  to  2  hours  after  slaugh- 
tering) used  for  analysis.  The  blood  of  cats  and  dogs  was  obtained  from 
the  carotid  artery.  The  blood  was  drawn  about  12  hours  after  the  last 
feeding.  Normal  human  blood  was  drawn  from  a  vein  in  the  forearm 
(usually  the  median  basilic).^  The  normal  and  most  of  the  pathological 
bloods  were  drawn  3  to  4  hours  after  breakfast.  The  blood  of  birds  was 
obtained  by  cutting  the  throat  and  letting  the  blood  run  into  a  bottle 
containing  potassium  oxalate.  40  to  50  cc.  of  animal  and  normal  human 
blood  were  used  for  the  analysis.  The  amounts  of  pathological  bloods 
obtained  from  the  wards  varied  greatly,  but  with  few  exceptions  there 
were  always  more  than  15  cc.  used  for  analysis.  These  bloods  were  de- 
livered in  small  bottles  and  in  order  to  prevent  waste,  the  blood  was  weighed 
out  instead  of  measured,  pouring  it  into  the  previously  tared  flask  contain- 
ing the  soy  bean  mixture.  The  weight  in  gm.  was  divided  by  1.06,  the  mean 
specific  gravity  of  himian  blood.  For  the  sake  of  comparison  the  results 
are  tabulated  at  the  end  of  the  paper. 

Table  I  shows  the  amino-acid  nitrogen  content  of  the  blood 
of  various  mammals,  including  the  ox,  sheep,  pig,  cat,  and  dog. 

«  Van  Slyke,  D.  D.,  J,  Biol.  Chem.,  191?-14,  xvi,  121;  1915,  xxiii,  407. 

*  The  pathological  blood  was  furnished  through  the  courtesy  of  Dr.  A.  O. 
Gettler  and  other  members  of  the  staff  of  Bellevue  Hospital,  to  whom  the 
writer  expresses  his  thanks. 
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The  figures  for  each  species  are  constant.  Van  Slyke  and  Meyer,* 
using  the  alcohol  precipitation  method,  find  from  3  to  5  Odg.  of 
amino-acid  nitrogen  per  100  cc.  of  blood  of  dogs  which  had  been 
fasting  from  20  to  24  hours.  Costantino^  reports  findings  of 
10  mg.  of  amino-acid  nitrogen  in  100  gm.  of  blood  obtained  from 
dogs  during  full  digestion.  His  analysis  of  pig  blood  shows  10 
mg.  of  amino-acid  nitrogen  per  100  gm.  of  blood.  Costantino 
uses  the  Sorensen  formpl  titration  method  after  drying  the  blood 
at  70®C.  and  extracting  with  10  per  cent  alcohol  in  the  presence 
of  barixmi  salts.  Gyorgy  and  Zunz,^  using  the  alcohol  precip- 
itation method  (removing  lu'ea  by  treatment  with  soy  bean  and 
subsequent  aeration)  find  4.8  mg.  of  amino-acid  nitrogen  in  100  cc. 
of  blood  obtained  from  dogs  fasted  for  24  horn's.  In  the  present 
work,  dog  blood  was  foimd  to  contain  an  average  of  7.47  nag.  of 
amino-acid  nitrogen  per  100  cc.  of  blood,  and  pig  blood  8.43  mg. 
per  100  cc.  of  blood.  These  higher  figures  in  the  dog  are  probably 
due  to  the  more  complete  extraction  of  the  amino-acid  nitrogen 
obtained  in  the  present  work.  We  cannot  explain  Costantino's 
high  results  for  pig  blood. 

The  amino-acid  nitrogen  of  bird  blood  (Table  II)  is,  roughly 
speaking,  three  times  as  high  as  that  of  mammals.  The  individual 
and  gross  variations  are  in  proportion  to  those  of  mammalian 
blood.  Costantino,  using  the  formol  method^  finds  20  mg.  of 
amino-acid  nitrogen  per  100  gm.  of  turkey  blood,  agreeing  closely 
with  the  findings  in  the  present  paper. 

The  distribution  of  the  amino-acid  nitrogen  between  plasma 
and  corpuscles  in  certain  species  was  studied  by  Costantino^  and 
by  Gyorgy  and  Zunz.^  Costantino  finds  that  senmi  and  cor- 
puscles during  fasting  are  constant  in  their  amino-acid  nitrogen. 
His  findings  show  4.4  mg.  of  amino-acid  nitrogen  per  100  gm.  of 
dog  serum,  and  100  gm.  of  the  corpuscles  of  ox  blood  containing 
3.2  mg.  of  amino-acid  nitrogen.  Turkey  blood  analyzed  by 
Costantino  showed  3  mg.  of  amino-acid  nitrogen  in  100  gm.  of 
sertmi  and  34  nag.  in  100  gm.  of  corpuscles.  Gyorgy  and  Zunz 
find  1.7  mg.  of  amino-acid  nitrogen  in  the  plasma  of  100  cc.  of 

*  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1912,  xii,  399. 

•  Costantino,  A.,  Biochem.  Z.,  1913,  li,  91;  1913,  Iv,  403. 

'  Gyorgy,  P.,  and  Ziinz,  E.,  J,  Biol.  Chem.j  1915,  xxi,  511. 
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dog  blood  and  3.1  mg.  in  the  corpuscles  of  100  cc.  of  the  same 
blood,  the  corpuscle  content  being  calculated  by  difiference. 

In  the  present  work  the  whole  blood  was  first  analyzed.  Samples 
of  equal  volumes  were  centrifuged  for  J  hour  at  high  speed.  The 
plasma  which  had  separated  out  was  withdrawn  by  means  of  a 
pipette,  physiological  salt  solution  added  in  its  place,  and  the 
sample  was  mixed  and  centrifuged  again.  This  procedure  was 
repeated  foiu*  times.  After  all  the  clear  supernatant  fluid  had 
been  withdrawn  down  to  the  light  colored  layer  of  leukocytes,  the 
corpuscles  were  laked  with  water,  transferred  to  a  flask,  and  the 
liquid  was  diluted  approximately  to  the  same  voliune  as  the 
plasma  plus  the  washings.  As  the  laked  blood  gives  trouble 
with  the  heat  coagulation  procedure  the  direct  trichloroacetic 
acid  precipitation  was  used  after  treatment  with  soy  bean.  Table 
III  shows  the  results  obtained  from  mammaUan  and  bird  blood. 
In  mammalian  blood  the  corpuscles  show  sUghtly  higher  figures 
than  the  plasma.  The  difference  in  bird  blood  is  pronoimced, 
the  corpuscles  containing  about  two-thirds  of  the  total  amoimt  of 
amino-acid  nitrogen.  These  findings  agree  in  general  with  those 
of  the  authors  mentioned  above. 

In  view  of  the  fact  that  the  corpuscles  contain  a  large  pro- 
portion of  the  amino-acid  nitrogen  of  the  blood,  they  should  be 
included  in  experimental  or  cUnical  work  on  the  nitrogen  content 
of  the  blood. 

The  normal  hmnan  bloods  are  reported  in  Table  IV.  It  will 
be  noted  that  the  figures  are  remarkably  constant  for  different 
individuals.  The  average  figure  is  7.13  nag.  with  a  maximum  of 
7.9  mg.  and  a  minimum  of  6.13  mg.  per  100  cc.  of  blood,  approxi- 
mately those  of  other  mammals.  Sex  appears  to  be  without 
influence.    The  placental  blood  tends  to  be  distinctly  higher. 

The  pathological  bloods  (Table  V)  w^re  taken  at  random  from 
ward  cases  in  Bellevue  Hospital  and  thus  serve  to  show  the  pos- 
sible variations  found  in  a  wide  variety  of  conditions.  In  these 
cases  variations  occur  from  4.5  mg.  to  30  mg.  per  100  cc.  of  blood. 
The  most  pronounced  variations  from  the  normal  were  foxmd  in 
nephritis.  Of  three  typhoid  cases,  two  are  decidedly  below 
normal.  Jaundice,  cardiac  cases,  carbxmcles,  rheumatic  fever, 
hyperthyroidism,  and  cirrhosis  of  the  liver  show  an  increase  over 


J.  C.  Bock 


195 


the  normal.    The  remaining  cases  investigated  give  the  same 
results  as  normal  bloods. 

The  nephritic  bloods  are  being  studied  further  to  find  whether 
the  amino-acid  nitrogen  tends  to  parallel  the  total  non-protein 
nitrogen  in  the  blood  of  these  cases. 


TABLE  I. 

AminO'Acid  Nitrogen  per  100  Cc.  of  Blood. 


Sample  No. 

Source. 

N* 
mg. 

Sample  No. 

Source. 

N* 

mg. 

4 

Ox  (oxalated). 

6.17 

42 

Pig  (defibrinated). 

8.37 

125 

«             « 

6.22 

43 

« 

tt 

8.49 

10 

«             « 

6.43 

Average . 

8.48 

5 

ti                  « 

6.66 

125a 

"     (defibrinated). 

6.67 

14d 

Cat 

tt 

8.12 

9 

"     (oxalated). 

6.89 

14b 

tt 

tt 

8.13 

3 

«            it 

7.04 

14c 

tt 

tt 

8.64 

Average. 

' 

6.68 

14a 
Average . 

tt 

tt 

9.83 
8.68 

100 

Calf  (defibrinated). 

6.29 

8 

"     (oxalated). 

6.66 

97 

Dog 

tt 

6.68 

18 

"     (defibrinated). 

6.81 

52 

tt 

tt 

6.87 

18a 

«                « 

7.60 

113 

tt 

tt 

6.87 

Average . 

6.84 

51 

tt 

tt 

7.16 

114 

tt 

tt 

7.47 

6 

Sheep  (oxalated). 

6.84 

116 

tt 

tt 

7.88 

13 

"       defibrinated). 

7.50 

98 

tt 

tt 

8.37 

12 

It                it 

7.79 

99 

tt 

tt 

8.48 

11 

tt                tt 

7.82 

Average . 

7.47 

7 

"      (oxalated). 

8.19 

Average. 

7.63 

*  The  data  are  arranged  in  sequence  for  each  group. 


TABLE  n 

Amino-Acid  Nitrogen  per  100  Cc.  of  Blood  {OxcUated), 


Sample  No. 

Source. 

N* 

mg. 

26 

Chicken. 

17.81 

36 

tt 

19.84 

23 

a 

20.64 

24 

a 

21.32 

25 

ti 

21.58 

110 

tt 

21.93 

107 

tt 

23.78 

Average. 

20.99 

35 

Duck. 

20.22 

32 

tt 

20.88 

34 

tt 

20.95 

33 

tt 

21.55 

27 

tt 

22.98 

Average. 

81.82 

101 

Turkey. 

20.00 

102 

Goose. 

16.97 

104 

tt 

17.16 

105 

tt 

18.49 

103 

tt 

19.20 

106 

tt 

21.18 

Average . 

18.60 

*  The  data  are  arranged  in  sequence  for  each  group. 

TABLE  IIL 


Sample  No. 

Source. 

Amino-acid  nitrofen  per  100  oc.  of  blood. 

Whole  blood. 

Plasma. 

Corpusdes. 

mg. 

mg. 

mf. 

100 

Calf. 

5.69 

\3.13 

3.59 
3.48 

100a 

tt 

6.30 

r3.33 
\3.33 

3.84 
3.28 

106 

Goose. 

21.18 

[6.60 
\6.07 

14.78 
15.95 

107 

Chicken. 

23.78 

r6.63 

\7.97 

14.20 
16.00 

110 

tt 

21.93 

5.31 

19.12 

125 

Ox. 

/6.22 

3.05 

4.70 

\6.77 

2.99 

4.87 

196 
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TABLE  IV. 

Amino-Acid  Nitrogen  per  100  Ce.  of  Human  Blood. 


Sample  No. 

Sex. 

N* 

Normal  venouB  blood. 

mg. 

47 

<P 

6.13 

15 

<^ 

6.40 

57 

<P 

6.58 

60 

<^ 

6.75 

58 

& 

6.78 

77 

cT 

7.00 

83 

<^ 

7.01 

86 

<P 

7.11 

21 

<^ 

7.18 

30 

• 

7.27 

55 

9 

7.29 

48 

d" 

7.31 

16 

cT 

7.38 

22 

d* 

7.38 

19 

d 

7.58 

65 

d 

7.66 

56 

9 

7.67 

46 

9 

7.90 

Ayerase. 

7.18 

^^    »    ^  ^  «^^^^^  •Wwwwvvwv      w      «      »      »      w      —      w 

Placental  blood. 

• 

20 

6.78 

38 

7.51 

• 

28 

8.90 

31 

9.76 

138 

11.80 

139 

12.15 

Average. 

9.48 

^  The  data  are  arranged  in  sequence  for  each  group. 
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TABLE  V. 


Amino-Acid  Nitrogen  per  100  Cc.  of  Pathological  Human  Blood. 


Sample 
No 

N. 
mg. 

Diacnosb. 

Sample 
No. 

N. 
mg. 

DiacnooB. 

1 

39 

7.78 

S3rphili8. 

85 

8.07 

Nephritis. 

40 

7.98 

tt 

87 

6.97 

Cardionephritis.                     1 

44 

6.54 

Ulcer  on  penis. 

88 

8.27 

Rheumatic  fever. 

45 

8.34 

No  symptomB. 

89 

7.01 

Cardiac. 

49 

8.49 

Nephritis. 

90 

9.38 

Nephritis. 

50 

8.38 

It 

91 

5.72 

Carcinoma  of  liver. 

53 

7.11 

Cardionephritis. 

92 

7.50 

Nephritis. 

54 

17.50 

Nephritis,  alcoholism. 

93 

6.52 

1 

59 

6.77 

No  record. 

94 

8.02 

<t 

61 

7.27 

Nephritis. 

95 

11.28 

Parenchymic  nephritis. 

62 

8.78 

No  record. 

108 

8.13 

it                                u 

63 

8.31 

Jaundice. 

109 

8.04 

Nephritis. 

64 

7.25 

Nephritis. 

110 

8.49 

it 

66 

8.62 

Cardiac. 

111 

7.55 

Parenchymic  nephritis. 

67 

7.80 

Diabetes. 

112 

8.69 

Cardionephritis. 

68 

7.86 

Cardionephritis. 

115 

8.87 

tt 

69 

6.47 

Chronic  nephritis. 

117 

6.66 

Nephritis. 

70 

6.93 

Typhoid. 

118 

8.24 

Parenchymic  nephritis. 

71 

8.70 

Gout,  rheumatism, 

120 

10.98 

Nephritis. 

nephritis. 

121 

9.82 

« 

72 

5.88 

Typhoid. 

122 

11.17 

Colic,  uremia. 

73 

5.45 

« 

123 

8.41 

Cardionephritis. 

74 

4.45 

Nephritis. 

124 

29.98 

Uremia. 

75 

15.10 

« 

126 

9.78 

tt 

76 

7.52 

Arteriosclerosis. 

127 

7.25 

Nephritis. 

78 

9.05 

Nephritis. 

128 

7.45 

Delirium  tremens. 

79 

5.90 

Uremia. 

129 

9.91 

Nephritis. 

80 

6.05 

Nephritis. 

130 

10.45 

Cirrhosis  of  liver  and 

81 

6.65 

« 

card io valvular  case. 

82 

8.20 

Carbuncles. 

131 

9.58 

Hyi)erthyroidi8m . 

17 

6.89 

Nephritis. 

132 

6.46 

Parturition. 

84 

6.24          " 

a 

133 

6.63 

Diabetes. 

THE  SEPARATION  AND  ESTIMATION  OF  BXTTTRIC 
ACm  IN  BIOLOGICAL  PRODUCTS.    I.* 

By  I.  K.  PHELPS  and  H.  E.  PALMER. 

(From  the  Laboratory  of  Food  CorUrolj  Bureau  of  Chemistry ^  United  States 

Department  of  Agriculture,  Washington,) 

(Received  for  publication,  January  25,  1917.) 

Duclaux^  has  determined  approximately  quantitatively  the 
individual  volatile  organic  acids  of  the  series  from  formic  to 
caproic  acids,  inclusive,  by  estimating  the  acidity  of  the  separate 
distillates.  The  individual  acids  are  found  to  distil  at  a  fixed 
rate,  uninfluenced  by  the  presence  or  absence  of  other  volatile 
substances.  The  acids  are  determined,  consequently,  by  their 
rate  of  distillation  as  a  physical  constant.  This  method  was 
used  by  Jensen^  to  determine  the  volatile  aliphatic  acids  in  cheese, 
and  by  Dox  and  Neidig*  to  determine  the  volatile  aliphatic  acids 
in  com  silage.  Luck^  separated  formic,  acetic,  propionic,  and 
but)rric  acids  by  the  different  solubilities  of  their  bariiun  salts  in 
absolute  alcohol.  Haberland^  could  not  duplicate  Luck's  find- 
ings but  separated  approximately  quantitatively  acetic  and 
butyric  acids  by  the  difference  in  solubiUties  in  water  of  their 
silver  salts.  The  more  or  less  complete  solubility  of  these  salts 
either  in  the  alcohol  or  in  the  water  renders  impossible  a  quanti- 
tative separation  of  these  acids  in  the  manner  described  in  the 

*  Read  at  the  Fifty-third  Meeting  of  the  American  Chemical  Society 
in  New  York,  September  25-30,  1916.  Published  by  the  permission  of 
the  Secretary  of  Agriculture. 

*  Duclaux,  E.,  Ann.  sc,  Vicole  normale  supSrieure,  1865,  ii,  270;  Traits 
de  microbiologic,  Paris,  1900,  iii,  384;  Ann.  chim.  et  phys.,  1874,  series  5, 
ii,  289;  1886,  series  6,  viii,  542. 

'Jensen,  0.,  Landwirtsch.  Jahrb.  Schw.f  1904,  xviii,  319. 
*Dox,  A.  W.,  and  Neidig,  R.  E.,  Iowa  Agric.  Exp.  Station  Research 
BuU.  7,  1912. 

*  Luck,  E..  Z.  anal.  Chem.,  1871,  x,  184. 

*  Haberland,  K.  R.,  Z.  anal.  Chem.y  1899,  xxxviii,  217. 
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literature.  In  a  previous  paper*  from  this  laboratory  it  has  been 
shown  that  lactic  acid  may  be  separated  quantitatively  from  for- 
mic, acetic,  and  citric  acids  by  the  fractional  distillation  of 
their  ethyl  esters,  and  from  propionic  and  butyric  acids  by  the 
different  solubilities  of  their  quinine  salts  in  carbon  tetrachloride. 
The  separated  lactic  acid  was  estimated  as  quinine  lactate  and 
identified  by  its  melting  point.  The  present  paper  describes  a 
method  for  the  separation  of  butyric  acid  from  formic  and  acetic 
acids  by  treating  their  bariiun  salts  with  an  excess  of  quinine 
sulfate,  dissolving  the  quinine  butjrrate  in  carbon  tetrachloride, 
and  weighing  as  quinine  butyrate,  which  is  identified  by  its  melting 
point. 

For  the  work  recorded  here  the  chemically  pure  carbon  tetra- 
chloride of  commerce,  found  free  from  residue  by  volatilization 
of  60  cc,  was  used.  The  pure  ethyl  acetate  of  commerce  was 
washed  with  water  and  dried  over  calcitmi  chloride  before  dis- 
tilling. The  portion  distilling  between  77"*  and  77.5®  was  used. 
Petroleinn  ether  was  redistilled  and  the  portion  boiling  between 
55°  and  75°  reserved  for  use. 

The  purest  formic  and  acetic  acids  of  commerce  were  diluted 
suitably  with  distilled  water,  and  the  strength  of  the  solution 
in  each  case  determined  by  titration  with  a  solution  of  barium 
hydroxide  of  known  strength,  approximately  0.1  N,  with  phenol- 
phthalein  as  an  indicator. 

Pure  butyric  acid  was  prepared  from  ethyl  butyrate,  boiling 
at  120.9-121.1°  (corrected)  and  under  763  mm.  pressure  obtained 
by  repeated  fractionation  of  commercially  pure  ethyl  butjrrate. 
This  was  hydrolyzed  by  heating  with  an  excess  of  barium  hydrox- 
ide solution  imder  a  return  condenser.     The  excess  of  barium 
hydroxide  was  converted  to  the  carbonate  by  passing  carbon 
dioxide  through  the  solution,  the  barium  carbonate  was  removed 
by  filtration,  and  by  boiling  the  filtrate  was  freed  from  carbon 
dioxide.    Dilute  sulfuric  acid  (1:3)  was  added  in  excess,  the 
precipitate  of  barium  sulfate  was  filtered,  and  the  filtrate  was 
distilled  imder  diminished  pressure.    The  distillate  containing 
the  butyric  acid  was  diluted  to  definite  volume,  and  the  strength 
of  the  solution  was  determined  by  titration  with  a  solution  of 

•  Phelps,  I.  K.,  and  l^almer,  H.  E.,V.  Am.  Chem.  Soc,,  1917,  z3cxix,  136. 
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barium  hydroxide   of    known    strength,   approximately   0.1   N, 
with  phenolphthalein  as  an  indicator. 

Pure  propionic  acid  was  prepared  from  ethyl  propionate, 
boiling  at  98.7-99.0°  (corrected)  at  760  mm.  The  ethyl  pro- 
pionate was  hydrolyzed  by  heating  imder  a  return  condenser 
with  an  excess  of  bariiun  hydroxide  solution,  and  a  solution  of 
propionic  acid  was  obtained  from  this  in  a  manner  similar  to 
that  described  above  for  butyric  acid.  The  strength  of  the 
solution  of  propionic  acid  was  estimated  by  titration  in  the  pres- 
ence of  phenolphthalein  as  an  indicator,  with  a  solution  of  barium 
hydroxide  of  known  strength,  approximately  0.1  n. 

Pure  quinine  sulfate  and  pure  quinine  were  prepared  as  described 
in  the  paper  by  Phelps  and  Palmer,*  to  which  reference  has  been 
made.    The  quinine  salts  of  formic,  acetic,  propionic,  and  butjrric 
adds  were  prepared  by  adding  the  calculated  molecular  quan- 
tities of  the  pure  quinine  dissolved  in  96  per  cent  alcohol  to  the 
separate  acids  and  evaporating  the  solution  to  dryness  under 
dimmished   pressure   at    15   mm.     The   quinine   butyrate   was 
recrystallized  from  ethyl  acetate  solution  by  diluting  to  twenty 
times  its  voliune  with  petroleiun  ether,  when,  on  standing  for  a 
half  hour  without  further  stirring,  crystals  formed.    These  were 
gathered  on  paper  and  dried  in  a  vacuiun  desiccator  over  potas- 
sium hydroxide.     If  the  solution  was  stirred  immediately  after 
adding  the  petroleiun  ether,  the  quinine  butyrate  collected  as  a 
sticky  mass  on  the  sides  of  the  beaker  and  was  converted  to  the 
crystalline  form  more  slowly.    The  quinine  butyrate  so  obtained 
had  a  melting  point  of  77.6°  (imcorrected).    The  approximate 
solubilities  of  the  quinine  salts  of  the  acids  in  carbon  tetrachloride, 
together  with  their  melting  points,  are  given  in  Table  I.    The 
solubiUties   were   determined   approximately  by  allowing  each 
substance  to  stand  in  contact  with  a  definite  voliune  of  carbon 
tetrachloride  in  a  stoppered  flask  for  72  hoiu*s,  filtering,  and 
weighing  the  residue  left  on  evaporation  of  the  carbon  tetra- 
chloride after  drying  in  a  water-jacketed  vacuiun  oven  at  50°. 
It  is  seen  from  Table  I  that  a  separation  of  quinine  butyrate  from 
quinine  formate  and  quinine  acetate  can  be  made  by  the  difiFer- 
ence  in  their  solubilities  in  carbon  tetrachloride,  but  the  differ- 
ence in  solubility  of  quinine  propionate  and  quinine  butyrate  is 
not  sufficient  for  a  complete  separation. 
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TABLE  I. 
Melting  Points  and  Approximate  Solvbilities  of  Quinine  Salts. 


Quinine  formate — 
"  acetate  — 
"  propionate 
"  butyrate... 
"       sulfate 


Meltinc  point 
(uncorrected). 


110.0-113.0 
124.0-126.0 
110.5-111.0 
77.5 
214.0 


Approximate  solu- 
bility in  oaibon 
tetrachloride. 


1  in  16,000 
1  "  2,000 
1  "  450 
1  "  25 
1   "  40,000 


Definite  portions  of  the  solution  containing  the  butyric  acid, 
either  alone  or  in  the  presence  of  other  acids,  were  titrated  with 
a  solution  of  barium  hydroxide  of  known  strength,  approximately 
0.1  N,  in  the  presence  of  phenolphthalein.  To  the  neutral  solu- 
tion was  added  a  slight  excess  of  a  solution  of  neutral  quinine 
sulfate  in  hot  water,  the  amount  of  quinine  sulfate  necessary 
to  precipitate  the  barium  completely  as  bariimi  sulfate  being  cal- 
culated from  the  amount  of  barium  hydroxide  required.  The 
solution  was  cooled  by  standing  in  ice  water  and  filtered  throiigh 
asbestos  as  soon  as  the  precipitate  of  barium  sulfate  had  sub- 
sided. The  residue  was  rinsed  three  times  with  portions  of  10  cc. 
of  distilled  water.  The  filtrate,  containing  the  quinine  salts  of 
any  of  the  volatile  organic  acids  that  may  be  present,  was  evapor- 
ated to  dryness  by  distillation  under  diminished  pressure,  pre- 
ferably as  low  as  15  mm.,  in  order  to  minimize  the  formation  of 
quinotoxine  from  the  quinine.  The  residue  was  dissolved  from  the 
sides  of  the  flask  with  10  cc.  of  alcohol,  the  alcohol  removed  by 
distillation  under  diminished  pressure,  and  this  residue  dried  by 
allowing  a  gentle  current  of  air  to  pass  through  the  flask.  The 
dry  residue,  which  was  generally  amorphous,  was  allowed  to 
stand  for  18  hours  with  20  cc.  of  carbon  tetrachloride,  or  with  an 
amount  suflScient  to  dissolve  the  quinine  butyrate  which  might  be 
present,  as  shown  by  the  solubility  given  in  Table  I.  If  the 
original  residue  was  amorphous,  supersatiu-ated  solutions  tended 
to  form  and  some  of  the  quinine  salts  of  the  other  acids  remained 
in  solution  with  the  quinine  butyrate,  necessitating  retreatment 
with  carbon  tetrachloride  to  separate  them.  The  solution  was 
filtered,  and  the  residue  washed  on  the  filter  with  carbon  tetra- 
chloride.    The  carbon  tetrachloride  solution,  contained  in  a  100  cc. 
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Elrlemneyer  flask,  was  evaporated  to  dryness  at  room  temperature 
by  allowing  a  rapid  current  of  air  to  pass  over  the  solution  by 
means  of  a  glass  tube  suspended  just  above  the  surface  of  the 
solution.     If  the  residue  was  amorphous  it  was  dissolved  in  ethyl 
acetate  and  after  evaporation  at  room  temperature  by  a  rapid 
current  of  air  the  quinine  butyrate  was  obtained  in  crystalline 
condition.     To  the  residue,  dried  in  a  vacuiun  desiccator  over 
potassiiun  hydroxide,  20  cc.  of  carbon  tetrachloride  were  added, 
and  allowed  to  stand  in  the  stopper^  flask  18  hours  to  dissolve 
the  quinine  butjrrate.    The  solution  was  filtered  and  the  residue 
washed  with  carbon  tetrachloride.    The  undissolved  residue  was 
allowed  to  stand  in  a  stoppered  fliask  for  18  hours  with  10  cc.  of 
carbon  tetrachloride  to  dissolve  any  quinine  butyrate  which  re- 
mained, and  the  solution  was  then  filtered.    The  filtrates  were 
evaporated  at  room  •temperature  by  allowing  a  rapid  current 
of  air  to  pass  over  the  solution.    When  the  quinine  butyrate 
obtained  in  this  manner  from  carbon  tetrachloride  by  evaporation 
was  amorphous,  it  was  dissolved  in  a  small  amount  of  ethyl  ace- 
tate, from  which  solution,  after  evaporation  at  room  temperature 
by  allowing  a  rapid  current  of  air  to  pass  over  the  solution,  it  was 
obtained  in  a  crystalline  form  which  could  be  dried  in  a  vacuum 
desiccator  over  potassiimi  hydroxide.    The  dried  residue  was 
weighed  as  quinine  butyrate  and  identified  by  its  melting  point. 
If  the  melting  point  showed  the  presence  of  impurities,  the  residue 
was. purified  by  another  treatment  with  carbon  tetrachloride. 
When  it  failed  to  appear  crystalline  after  this  purification  the 
quinine  butjrrate  was  recrystallized  as  given  above  for  the  purifi- 
cation of  the  quinine  butyrate  when  prepared  for  the  experimental 
work.    The  crystals  which  formed  on  standing  a  few  minutes 
were  filtered,  dried  in  the  air,  and  identified  by  their  melting  point. 
The  results  given  in  Table  II  show  that,  if  the  precautions  are 
taken  to  avoid  decomposition  of  the  quinine  butyrate  by  evapor- 
ating the  solutions  at  low  temperature  and  drying  in  a  vacuum 
desiccator  over  potassium  hydroxide,  butyric  acid  may  be  esti- 
mated by  weighing  as  quinine  butyrate  when  present  alone  or 
when  associated  with  formic  acid  and  acetic  acid,  and  may  be 
identified  as  such  by  its  melting  point.    When  propionic  acid  is 
pt^sent,  as  in  Experiments  11,  12,  and  13,  it  is  seen  that  some  of 
the  quinine  propionate  is  dissolved  with  the  quinine  butyrate 


204 


Butyric  Acid 


in  the  carbon  tetrachloride,  so  that  a  partial  separation  only  in 
this  way  is  possible.  If  the  residue  from  the  distillation  under 
diminished  pressure  was  in  crystalline  form,  as  was  the  case  in 
Experiment  3  of  Table  II,  it  was  found  that  the  tendency  of  the 
quinine  acetate  to  form  a  supersatiu*ated  solution  in  the  carbon 
tetrachloride  was  so  smail  that  a  further  treatment  of  the  residue 
from  the  evaporation  of  the  carbon  tetrachloride  solution  for  the 
separation  of  these  salts  was  unnecessary.  The  residue  left 
undissolved  by  the  carbon  tetrachloride,  however,  was  aUowed 
to  stand  18  hours  with  another  10  cc.  of  carbon  tetrachloride,  in 
order  to  dissolve  the  quinine  butyrate  completely.  This  solution 
was  added  to  the  solution  obtained  by  the  first  extraction,  before 
evaporating  to  obtain  the  residue,  the  purity  of  which  after  weigh- 
ing was  found  by  its  melting  point. 

TABLE  n. 
EsHmatton  of  Butyric  Acid  after  SeparcUion  from  Formic,  Acetic,  and 

Propionic  Adda. 


No. 

Adds  taken. 

S  s  3 

at 

Butyric  acid 
calculated. 

Melting  point  of  quinine 

Formic. 

Acetic. 

Propi- 
onic. 

Butyr- 
ic. 

butsrrate. 

gm. 

^ffi. 

gut' 

Qfn. 

gm. 

gm. 

per  cent 

•c. 

1 

0.1129 

0.5271 

0.1126 

99.7 

77.5-78.0 

2 

0.1382 

0.6287 

0.1343 

97.2 

3 

0.0972 

0.0691 

0.3119 

0.0666 

96.4 

77.5-78.0 

4 

0.1037 

0.1129 

0.5310 

0.1134 

100.5 

75.5 

5 

0.0519 

0.1694 

0.7395 

0.1580 

93.2 

77.6-78.0 

6 

0.0804 

0.0691 

0.2993 

0.0639 

92.4 

77.5-78.0 

7 

0.1119 

0.1129 

0.5189 

0.1108 

98.2 

77.0 

8 

0.0560 

0.1694 

0.7112 

0.1519 

89,7 

76.6-77.0 

9 

0.0560 

0.0519 

0.0565 

0.2672 

0.0571 

101.0 

76.0-76.5 

10 

0.1119 

0.1037 

0.0565 

0.2507 

0.0535 

94.8 

74.5-75.0 

11 

0.1414 

0.1129 

0.6042 

0.1291 

114.3 

Softens  at  76.0-77.0 
Melts  at    92.0-93.0 

12 

0.1414 

0.0565 

0.3722 

0.0795 

140.7 

92.0-95.0 

13 

0.0707 

0.1694 

0.9962 

0.2128 

125.6 

Softens  at  75.0-76.5 

SUMMARY. 


The  melting  points  and  approximate  solubilities  of  quinine 
propionate  and  quinine  butyrate  in  carbon  tetrachloride  wdre 
determined.    The  solubDities  of  the  propionate  and  butyrate 
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are  so  nearly  the  same  that  only  a  partial  separation  can  be 
effected  by  the  method  described.  The  solubility  of  the  pro- 
pionate is  so  much  greater  than  that  of  the  formate  that  pro- 
pionic and  formic  acids  can  be  readily  separated.  It  has  been 
shown  that  butyric  acid  may  be  separated  from  mixtures  con- 
taining formic,  acetic,  and  butyric  acids  by  means  of  the  solu- 
bility of  quinine  but3rrate  and  the  insolubility  of  quinine  formate 
and  quinine  acetate  in  carbon  tetrachloride;  further,  the  butyric 
acid  may  be  estimated  by  weighing  the  quinine  butyrate,  which 
may  be  crystaUized  and  identified  by  its  melting  point. 


TfllOBARBITURIC  ACID  AS  A  QUALITATIVE  REAGENT 

FOR  KETOHEXOSE. 

By  G.  p.  PLAISANCE. 

{From  the  Chemistry  Section  of  the  Iowa  Agricultural  Experiment 

Station,  Ames,) 

(Received  for  publication,  January  20,  1917.) 

According  to  Fenton  and  Gostling,^  all  hexoses  are  convert- 
ible into  hydroxymethylfurfural.  This  substance  is,  however, 
much  more  easily  formed  from  the  ketoses  than  from  the  aldoses. 
It  is  upon  this  fact  that  the  orcinol,  resorcinol,  and  phloroglucinol 
tests  depend.  Fenton  and  Gostling  obtained  several  times  as 
much  bromomethylfurfural  from  ketohexoses  or  ketohexose- 
yielding  substances  as  they  did  from  aldohexoses.  By  heating 
with  0.3  per  cent  oxalic  acid  imder  three  atmospheres'  pressure 
Van  Eckenstein  and  Blanksma^  obtained  practically  a  20  per 
cent  yield  of  hydroxjrmethylfurfural  from  fructose,  while  from  glu- 
cose they  obtained  but  1  per  cent.  The  writer  has  been  able  to 
convert  70  to  76  per  cent  of  fructose  into  hydroxjrmethylfur- 
fm^l  by  heating  with  concentrated  hydrochloric  acid.  Under  the 
same  conditions  sucrose  yielded  60  to  70  per  cent  of  the  theoreti- 
cal amount  of  its  fructose  in  the  form  of  the  furfiu'al  derivative. 
The  method  of  determination  consisted  in  precipitating  the  hydroxy- 
methylfurfiu*al  with  thiobarbitiu-ic  acid^  in  the  presence  of  12 
per  cent  hydrochloric  acid,  drying,  and  weighing  the  precipitate. 
The  product  had  a  reddish  orange  color  and  was  appreciably  sol- 
uble in  water.  Had  solubility  corrections  been  applied,  the  above 
percentages  would  no  doubt  have  been  higher.  Analysis  of  the 
product  showed  a  nitrogen  content  of  11.20  per  cent,  whereas  the 

'Fenton,  H.  J.  H.,  and  Gostling,  M.,  J,  Chem.  Soc,  1899,  Ixxv,  423; 
1901.  Ixxix,  807. 

'Van  Eckenstein,  W.  A.,  and  Blanksma,  J.  J.,  Ber.  chem.  Oes.,  1910, 
xliu,  2355. 

'Dox,  A.  W.,  and  Plaisance,  G.  P.,  J.  Am.  Chem.  Soc,  1916,  xxxviii, 
2156.  . 
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calculated  value  for  the  condensation  product,  hydroxymethyl- 
furfuralmalonylthiourea  is  11.11  per  cent. 

When  glucose  was  subjected  to  the  above  treatment  only  a  very 
slight  precipitate  resulted.  E>ven  after  long  continued  heating 
with  acid,  0.2  gm.  of  glucose  gave  only  0.001  to  0.002  gm.  of  precip- 
itate. Lactose  and  maltose  gave  somewhat  larger  amoimts  of 
hydroxymethylfurfural,  especially  after  prolonged  heating.  As 
suggested  by  other  investigators,  this  indicates  a  gradual  molecu- 
lar rearrangement,  possibly  from  aldose  to  ketose. 

On  the  other  hand,  prolonged  heating  of  fructose  decreases  the 
yield  of  hydrox3anethylfurfural,  the  latter  substance  imdergoing 
decomposition  into  levulinic  acid.  The  yield  is  likewise  slightly 
decreased  by  using  12  to  15  per  cent  hydrochloric  acid  instead  of 
the  concentrated  acid.  When  acid  of  this  strength  is  used,  no 
precipitate  whatever  can  be  obtained  from  glucose  or  other 
aldohexoses. 

The  thiobarbituric  acid  test  gave  positive  results  when  applied 
to  the  following  carbohydrates,  all  of  which  contain  a  ketose:  su- 
crose, raffinose,  tagatose,  I-sorbose,  and  inulin.  The  following  gave 
negative  tests:  glucose,  mannose,  galactose,  lactose,  maltose, 
starch,  cotton,  filter  paper,  glucosamine,  a-methylglucoside,  ara- 
binose,  and  xylose. 

A  noteworthy  fact  is  that  the  pentoses  are  not  as  easily  convert- 
ed into  furfural  as  are  the  ketohexoses  into  the  corresponding  hy- 
droxjrmethyl  derivative.  Arabinose  and  xylose  do  not  form  fur- 
fural until  the  acid  concentration  is  ahnost  20  per  cent.  However, 
the  presence  of  furfural  can  easily  be  tested  in  the  distillate  by 
means  of  aniline  acetate  paper. 

It  is  recommended  that  the  thiobarbituric  acid  test  for  keto- 
hexoses be  applied  as  follows:  The  substance  to  be  tested  is 
placed  in  a  test-tube  and  sufl5cient  hydrochloric  acid  and  water 
are  added  to  bring  the  acid  concentration  to  12  per  cent.  The 
tube  is  heated  over  a  free  flame  imtil  boiling  begins.  It  is  then 
cooled  \mder  the  tap  and  finally  a  few  drops  of  a  thiobarbituric 
acid  solution  (in  12  per  cent  HCl)  are  added.  If  a  ketohexose 
was  originally  present,  an  orange-colored  precipitate  forms  on 
standing.  If  only  aldoses  were  present,  the  solution  may  become 
yellow  but  no  precipitate  results.  Barbituric  acid  cannot  be  used 
in  place  of  thiobarbituric,  for  the  reason  that  the  condensation 
product  is  much  more  soluble. 


THE  GROWTH  OF  ISOLATED  PLANT  EMBRYOS. 

By  G.  DAVIS  BUCKNER  and  JOSEPH  H.  KASTLE. 

{From  the  Laboratory  of  Chemical  Research,  Kentucky  Agrictdtural 

Experiment  Station,  Lexington,) 

(Raceived  for  publication,  January  17,  1917.) 

Dela3red  germination  or  the  resting  period  of  seeds  presents 
not  only  one  of  the  most  interesting  problems  in  plant  life  but 
also  one  of  the  most  difficult,  owing  mainly  to  the  many  con- 
ditions governing  the  normal  germination  of  seeds.  Space  does 
not  permit  of  even  a  brief  historical  sketch  of  the  abimdant 
investigations  that  have  been  made  concerning  this  subject. 
Suffice  it  to  say  that  these  studies  have  brought  forth  explanatory 
theories  ranging  from  zymogenic  changes  occurring  in  the  em- 
bryos and  cotyledons  to  the  toughness  and  non-permeability 
of  the  integument  to  moisture  and  gases,  either  or  both  being 
more  or  less  dependent  on  the  physical  conditions  affecting  the 
seed,  among  which  might  be  named  temperature,  pressure,  mois- 
ture, light,  and  the  surroimding  media,  whether  gaseous,  liquid, 
or  solid.  • 

From  one  point  of  view  it  would  seem  that  there  is  a  rest  period 
of  a  longer  or  shorter  duration  in  the  life  Of  most  seeds  which  is 
limited  by  internal  changes,  such  as  the  accimiulation  of  ferments 
or  other  chemical  changes  normally  dependent  on  time,  wliile 
from  another  point  of  view  it  would  seem  that  there  is  no  real 
resting  period  and  that  germination  is  delayed  because  of  lack 
of  favorable  conditions  or  proper  stimulant.  .This  latter  view 
is  more  or  less  proved  by  the  many  instances  where  investigators 
have  greatly  shortened  the  apparent  resting  period  of  seeds  by 
physical  and  chemical  methods  and  have  increased  the  percent- 
age germination  of  certain  seeds  by  like  methods. 

Following  this  line  of  thought,  it  might  be  added  that  after  the 
rest  period  is  ended  the  embryo  is  dependent  on  the  food  supply 
stored  in  the  cotyledons.  The  yoimg  plant  consumes  part  of 
tiiis  food  supply  which  is  sufficient  to  cause  it  to  grow  imtil  it 
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has  generated  organs  capable  of  utilizing  nutriment  from  external 
sources — then  the  cotyledons,  being  of  no  further  value,  shrivel 
up  and  finally  drop  off. 

The  embryos  of  different  seeds  are  foimd  to  differ  widely  in 
size  and  nature,  and  the  food  which  serves  to  nourish  them  dur- 
ing their  early  growth  varies  greatly  in  character  and  composition. 
In  the  case  of  the  persimmon  seed,  for  example,  the  embryo 
consists  of  two  perfectly  formed  leaves  attached  to  a  well  defined 
caulicle — this  minute  plant  draws  its  early  nourishment  from 
cotyledons  which,  like  the  seed  of  the  date,  closely  resemble 
vegetable  ivory  in  appearance.  Among  the  seeds  containing 
highly  specialized  embryos  might  be  named  the  okra,  papaw, 
com,  bean,  and  many  others. 

Some  years  ago  during  the  progress  of  certain  experiments 
which  involved  the  study  of  seeds,  one  of  us  (Kastle)  observed 
these  highly  specialized  embryos  and  became  interested  especially 
in  the  embryos  of  the  okra  and  lima  bean.  The  embryo  of  the 
lima  bean  consists  of  two  perfectly  formed  leaves  attached  to 
a  cauUcle  about  0.75  cm.  in  length.  Finding  that  this  embryo 
could  be  easily  dissected  out,  it  seemed  of  general  interest  to 
determine  if  it  would  grow  when  deprived  of  its  normal  food 
supply  from  the  cotyledons,  and  ultimately  to  estabUsh  some  of 
the  relations  existing  between  an  embryo  and  the  adjoining  coty- 
ledons. Other  investigations  being  in  progress,  it  was  impos- 
sible to  continue  this  research  and  it  was  only  last  spring  that 
diu*ing  the  progress  of  investigations  concerning  the  study  of 
beans  in  this  laboratory,  an  embryo  of  the  lima  bean  was  dis- 
sected out  and  planted  in  moist  sand.  At  the  expiration  of  24 
hours  it  was  noticed  that  the  cauUcle  had  doubled  in  length  but 
the  leaves  remained  unchanged  in  size  and  color  while  the  small 
bud  between  the  colorless  leaves  developed  a  pale  green  color. 
There  was  no  further  development  observed  and  at  the  end  of  8 
days  the  young  plant  had  dried  up  and  was  dead,  having  develop- 
ed no  lateral  roots. 

Here  was  found  ample  evidence  of  life  and  it  remained  to  be 
determined  what  substances  would  nourish  the  embryo  and  bring 
about  the  normal  growth  of  the  plant.  With  this  idea  in  view 
a  series  of  experiments  was  planned  to  determine  the  food  require- 
ments of  isolated  lima  bean  embryos,  and  to  estabUsh  the  rela- 
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tions  existing  between  the  cotyledons  and  the  embryos  during 
early  growth. 

Knudson^  has  published  some  results  concerning  the  toxicity 
of  galactose  and  the  more  or  less  stirriulating  effect  of  certauCi 
carbohydrates  on  the  vetch,  pea,  and  other  seeds.  In  these 
experiments  he  has  grown  plants  from  the  seeds  that  had  been 
planted  in  nutrient  solutions  containing  1  per  cent  agar  plus 
different  carbohydrates.  In  his  experiments  these  carbohydrates 
are  supplemental  to  the  food  supply  stored  in  the  cotyledons, 
and  he  does  not  prove  the  necessity  of  any  of  these  compoimds 
for  the  growth  of  the  yoimg  embryo. 

In  the  literature  at  our  command  we  have  failed  to  find  any 
reference  ooncemmg  the  early  food  requirements  of  a  seed  em- 
bryo except  that  the  reserve  material  stoi^d  in  the  cotyledons, 
upon  hydrolysis,  furnishes  the  noiu*ishment  riequired  by  the 
embryo  during  early  growth. 

In  these  experiments  perfect  beans  were  selected,  care  being 
taken  that  the  integuments  were  not  injured.  After  carefully 
removing  the  integiunent,  the  embryo  was  dissected  out  under 
sterile  conditions  and  dropped  into  sterile  distilled  water.  The 
embryos  were  immediately  transplanted  into  test-tubes  that 
were  half  filled  with  the  different  nutrient  media,  all  operations 
being  carried  out  in  a  dust-proof  closet.  The  medimn  in  each 
case  was  composed  of  distilled  water  containing  0.65  per  cent 
of  well  washed  agar  plus  the  different  nutrients,  as  shown  in  the 
table. 

It  will  be  seen  from  the  table  that  agar  alone  does  not  support 
the  growth  of  the  embryo  of  the  lima  bean.  The  embryo  swells 
to  about  twice  its  original  size,  the  leaves  turn  pale  green  in  3 
days,  and  then  etiolate,  and  the  plant  dies  in  9  days,  no  lateral 
roots  having  been  developed. 

When  glucose  was  added  to  the  agar  a  good  growth  was  ob- 
tained, the  radicle  above  the  agar  and  leaves  tiuiiing  green  in 
48  hours  and  the  growth  reaching  2  inches  in  14  days,  having 
developed  a  good  root  system. 

Glucose  plus  Hopkins'  plant  food  solution  gave  good  growth, 
the  size  being  greater  than  when  glucose  alone  was  used. 

^KnudsoQ,  L.,  Ann,  Missouri  Bot.  Gardens,  1915,  ii,  659. 
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Lima  Bean  Embryos. 


No. 


2 
3 

4 
5 

6 

7 

8 

9 

10 

11 

12 
13 
14 

15 

16 


Madia. 


Agar  (0.65  per  cent)  in  distilled  water.  Con- 
trol  

Glucose  (2  per  cent) 

"  (2  "  "  )  +  1  cc.  Hopkins'*  plant 
food  solution 

1  cc.  Hopkins'  plant  food  solution 

Dry  lima  bean  cotyledons,  ground  (2  per 
cent) 

Dry  lima  bean  cotyledons,  ground,  +  1  cc. 
Hopkins'  solution 

Dry  lima  bean  cotyledons,  groimd,  +  2  per 
per  cent  glucose 

Sucrose     (2  per  cent) 

Lactose     (2    "      "     ) 

RaflBnose  (2    "      "     ) 

Mannite    (2    "      "     ) 


« 


<« 


) 


Maltose    (2 

Starch       (2    "      "     ) 

Sprouting  green  cotyledons  (2  per  cent)  (re- 
ducing sugars  present) 

Sprouting  green  embryos  (2  per  cent)  (reduc- 
ing sugars  present) 

Dry  cotyledons  (2  per  cent)  (reducing  sugars 
absent) 


Result. 


Very    small    growtL 

Dead  in  9  days. 
Good  growth. 


Best 
No 


« 


« 


Good 
«( 

Fair 


M 

«  • 

it 

tt 
M 
<( 
<l 


Very    small    growth. 

No  lateral  roots. 
Small  growth. 
No 


tt 


Small 


(( 


No 


« 


tt 


♦  Hopkins,  C.  G.,  and  Pettit,  J.  H.,  Soil  Fertility  Laboratory  Manual, 
Boston,  1910,  p.  22. 

Hopkins'  solution,  when  used  alone  with  agar  gave  no  growth 
greater  than  the  control.  It  has  been  shown  here  that  a  soluble 
reducing  sugar  is  necessary  for  growth. 

Dry  lima  bean  cotyledons  were  pulverized  and  placed  in  boil- 
ing distilled  water.    This  solution  plus  agar  gave  no  growth. 

This  same  solution  of  the  dry  cotyledons  plus  Hopkins'  so- 
lution gave  no  growth,  but  good  growth  was  obtained  when  2 
per  cent  glucose  was  added. 

Sucrose  plus  agar  gave  good  growth,  practically  the  same  as 
glucose. 

2  per  cent  lactose  and  raiBSnose  gave  fair  growth. 

Mannite  gave  practically  no  growth,  the  leaves  turning  pale 
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green  and  the  entire  embryo  possibly  doubling  its  size  in  3  weeks. 
No  lateral  roots  were  formed. 

Maltose  gave  small  growth,  and  soluble  starch  gave  no  growth. 

Some  beans  were  allowed  to  sprout  in  moist  sand,  the  coty- 
ledons turning  green.  The  green  cotyledons  were  macerated 
and  a  water  extract  was  made  of  them.  This  extract  when  fil- 
tered reduced  Fehling's  solution,  showing  the  presence  of  reducing 
sugars.  When  this  extract  was  added  to  agar  small  growth 
was  obtained. 

Some  beans  were  allowed  to  germinate  and  sprout  for  several 
da3rs  on  moist  cotton.  The  embryos  increased  greatly  in  size 
and  turned  green.  A  water  extract  of  the  green  sprouting  em- 
bryos was  made  which  reduced  Fehling's  solution.  An  embryo 
when  placed  in  an  agar  solution  of  this  extract  gave  a  small  growth. 

Dry  cotyledons  of  the  lima  bean,  when  pulverized  and  placed 
in  boiling  water,  do  not  reduce  Fehling's  solution  and  will  not 
support  the  growth  of  its  own  embryo. 

SUMBfARY. 

In  these  experiments  attempts  were  made  to  nourish  the  em- 
bryo of  the  lima  bean  with  different  compoimds.  Glucose  and 
the  other  sugars  have  caused  growth,  while  starch  or  Hopkins' 
plant  food  solution  failed  to  cause  any  appreciable  stimulation. 
Also  it  has  been  shown  that  cotyledons  which  give  no  reaction 
for  reducing  sugars  cause  no  growth,  while  these  same  coty- 
ledons with  glucose  added  give  a  good  growth.  It  has  been 
shown  fiulher  that  the  cotyledons  of  beans  that  have  germinated 
and  contain  reducing  sugars  also  support  the  growth  of  an  iso- 
lated embryo. 

In  summing  up  the  results,  it  would  appear  that  where  glucose 
or  a  carbohydrate  giving  a  hexose  on  hydrolysis  is  present,  growth 
is  obtained.  When  these  substances  are  absent  no  growth  re- 
sults. It  is  also  shown  that  the  dry  bean  does  not  contain  the 
plant  food  necessary  for  the  growth  of  its  own  embryo,  but  that 
the  green  cotyledons  of  a  germinated  bean  do  contain  the  plant 
food  necessary  for  normal  growth. 

We  hope  that  other  experiments  which  are  now  in  progress, 
especially  a  study  of  the  growth  of  the  isolated  embryo  of  the 
persimmon  seed,  will  throw  more  light  on  this  subject. 


FETAL  ATHTROSIS. 

A  STUDY  OF  THE  lODIKB  REQUIREBfENT  OF  THE  PREGNANT  SOW. 
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With  the  Cooperation  of  Howard  Welch. 
(From  the  Montana  Experiment  StcUion,  University  of  Montana,  Bozeman,) 

(Received  for  publication,  November  2,  1916.) 

It  has  been  known  for  a  number  of  years  that  a  large  percentage 
of  the  sows  in  some  sections  of  Montana  have  given  birth  to  hair- 
less and  otherwise  defective  yotmg.  Many  of  these  pigs  are 
bom  dead;  others  die  in  an  hour  or  two  and  very  few  live  more 
than  24  to  36  hours.  The  resulting  loss  in  Montana  amounts 
to  about  1,000,000  young  pigs  annually.  While  the  loss  is  heavi- 
est among  swine,  there  are  numerous  cases  among  sheep  and  oc- 
casionally among  cattle  and  horses. 

The  Affected  Districts, 

Losses  of  the  same  nature  have  been  reported  from  western 
North  Dakota  and  South  Dakota,  Washington,^  Minnesota,  and 
western  Canada.  In  Montana,  the  affected  area  is  sharply  de- 
fined in  some  instances,  less  so  in  others.  In  many  instances 
the  rancher  can  save  his  pig  crop  by  moving  his  pregnant  sows  a 
mile  or  two  out  of  the  afifected  district  during  the  gestation  period. 
Frequently  the  affected  district  is  a  narrow  creek  bottom,  half 
a  mile  wide,  while  the  bench  land  on  either  side  is  unaffected. 
90  per  cent  at  least  of  the  losses  in  Montana  occur  in  the  drain- 
age 83r8tem  of  the  Yellowstone  River  between  109°  longitude 
and  the  eastern  border  of  the  state.  This  affected  area  is  from 
75  to  150  miles  wide  and  is  not  sharply  defined,  but  all  thraugh 
this  r^on  are  unaffected  spots,  a  ranch,  several  ranches,  or  a 
^ole  community,  where  hairless  pigs  have  never  occurred  and 
large  numbers  of  hogs  are  raised. 

*  Washington  Exp,  Station,  mh  Ann.  Rep.,  1915,  42. 
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The  Affected  Pigs. 

The  sow  carries  the  affected  pigs  to  the  full  term  of  the  gesta- 
tion period.  Many  ranchers  report  that  the  pregnant  sows 
carry  the  pigs  4  to  7  da3rs  longer  than  the  average  period.  The 
affected  pigs  are  of  full  size,  occasionally  larger  than  normal 
Born  of  apparently  normal  sows,  they  are  strikingly  weak  and 
low  in  vitality.  The  most  marked  thing  in  the  appearance 
of  a  typical  specimen  is  the  absence  of  hair.  Except  for  a  few 
tactile  hairs  on  the  nose  and  a  few  aroimd  the  eyes,  the  skin  is 
smooth,  shiny,  and  bald.  The. hairless  condition  is  very  variable, 
from  almost  absolutely  hairless  to  a  thin  coat,  and  through  all 
gradations  to  the  normal.  The  skin,  particularly  around  the 
shoulders,  is  thick  and  feels  pulpy.  On  making  an  incision  the 
skin  is  seen  to  be  }  to  f  of  an  inch  in  thickness.  It  is  semitrans- 
parent  and  seems  edematous,  but  no  fluid  escapes  on  incision. 
The  hoofs  are  thin-walled,  short,  brittle,  and  plainly  in  an  un- 
developed condition.  The  heart,  in  every  case  examined,  has 
a  persistent  foramen  ovale.  The  thyroid  is  dark  red,  sometimes 
almost  black,  and  presents  a  most  constant  enlargement  which 
varies  only  in  proportion  to  the  acuteness  of  the  malady.  A 
histological  examination  of  the  thyroid  shows  a  uniform  h3rper- 
plasia  and  a  distention  of  the  blood  vessels. 

« 

Examination  of  the  Thyroid. 

The  thyroid  was  separated  from  all  connective  tissue  and 
washed  in  a  gentle  stream  of  water  for  about  15  minutes;  g^tle 
pressure  was  used  to  remove  as  much  blood  as  possible.  It  was 
placed  between  filter  papers  to  remove  adhering  moisture,  and 
weighed,  then  cut  into  fine  shreds,  dried,  and  weighed  again. 
The  iodine  content  and  the  iron  content  in  the  moisture-free 
residue  were  determined,  the  iodine  content  by  the  Hunter  method* 
and  the  iron  content  by  filtering  the  dissolved  melt  of  the  iodine 
determination  and  then  estimating  the  amoimt  of  iron,  of  the 
insoluble  residue,  by  the  thiocyanate  colorimetric  method. 

« Hunter,  A.,  J.  BioL  Chem.,  190^10,  vii,  321. 
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TABLE  I. 
Thyroid  Olands  of  Unaffected  1  Day  Old  Pigs. 


No. 

No.  of  flandi. 

Ayense  weight 
of  fresh  slAnoB. 

Dry  matter  in 
fresh  glands. 

Iodine  in  desic- 
cated glands. 

Iron  in  desio- 
oated  glands. 

ffin. 

per  cent 

jMTcent 

Ver  MiU 

ao5 

44 

0.175 

20.8 

0.095 

None. 

316 

4 

0.208 

20.9 

0.214 

u 

318 

3 

0.23 

18.4 

0.236 

u 

321 

3 

0.27 

24.2 

0.064 

u 

TABLE  n. 

Thyroid  Olands  of  Affected  Pigs, 


No. 


306 
307 

308 
313 

314 
315 
317 
319 
320 
322 
323 

324 
325 
326 
335 
336 

337 
338 


Condition. 


Hairless. 

Slightly  haired,    lived   2 

da3rs. 

Hairless. 

Hairless.    6  pigs  living  in 

same  litter. 
tt 

tt 

Fairly  well  haired. 
ELairless. 

Thin-haired. 

Fairly  well  haired,  lived  3 

da3rs,  8  in  litter. 
Hairless. 

u 
u 
tt 

Skin  smooth  and  shiny, 

hairless. 
Hairless.    Dark  gland. 
Light    " 


tt 


1 

•o 

• 

i 

4 

•< 

Iffit, 

36 

0.88 

2 

1.45 

3 

1.1 

1 

6.5 

1 

2.9 

1 

1.17 

2 

0.44 

1 

0.64 

1 

3.65 

1 

0.7 

2 

1.52 

1 

0.9 

2 

1.59 

4 

1.53 

2 

0.61 

8 

0.61 

2 

2.6 

1 

3.1 

Q 


per  eetU 

17.85 

16.1 
18.3 

15.8 

18.0 

17.7 

19.7 

i7.35 

17.5 

22.3 

15.6 

28.05 

17.55 

18.85 

18.75 

19.7 

17.15 

14.0 


3 

III 
III 


per  otnt 
0.0012 

0.0152 
0.0063 

Trace. 

0.0001 

0.0001 

0.054 

0.00864 

0.0047 

0.015 

0.00425 

0.00444 

0.00222 

0.009 

0.00525 

0.003 

0.00135 

0.00188 


? 


per  cent 

0.1 

0.085 
0.1 

0.08 

0.05 

0.05 

None. 

0.315 

0.15 

None. 

« 
« 

0.125 

Trace. 

0.15 

0.1 

0.112 

Trace. 
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The  results  show  that  the  glands  of  the  affected  pigs  are  abnor- 
mally large  and  the  iodine  content  is  extremely  low  in  compari- 
son with  those  from  normal  pigs,  and  that  in  general  the  iodine 
content  varies  inversely  with  the  degree  of  hairlessness  of  the 
skin.  They  ako  show  that  there  is  a  large  accumulation  of  iron 
in  the  glands  of  the  affected  pigs.  The  iron  content  of  the  dried 
blood ' of  the  affected  pigs  averaged  0.2  per  cent.  K  the  accumula- 
tion of  iron  was  due  to  an  accxmnulation  of  a  corresponding  amount 
of  blood,  the  greater  part  of  the  gland  would  be  composed  of 
blood  and  there  would  be  a  general  hemorrhage  into  the  follicles. 
The  histological  examination  shows  that  the  latter  is  not  probable, 
and  as  the  greater  part  of  the  blood  has  been  removed  by  the  wash- 
ing of  the  gland  it  does  not  seem  possible  that  the  accumulation 
of  iron  is  due  to  an  accumulation  of  a  corresponding  amoimt  of 
blood. 

The  Probable  Sources  of  the  Malady,    A  Transmissible  Disease  (f). 

The  possibility  of  contagious  abortion  was  considered.  Blood 
samples  were  drawn  from  sows  within  a  week  after  producing 
hairless  pigs,  but  no  reaction  was  obtained  to  the  complement 
fixation  test  for  contagious  abortion.  Repeated  attempts  to 
isolate  the  bacillus  of  contagious  abortion  failed,  though  mate- 
rial was  taken  from  the  placenta  and  from  the  stomach  contents 
of  the  hairless  pigs.  Further  search  for  an  infective  agent  was 
not  imdertaken  because  the  field  work  strongly  indicated  that 
something  other  than  transmissible  disease  was  the  cause  of  the 
malady.  A  rancher  in  one  year  may  lose  95  per  cent  of  his  pigs 
and  the  next  year  with  the  same  breeding  stock,  the  same 
ranch  conditions  and  feed,  and  water  from  the  same  source,  raise 
entirely  normal  pigs.  With  the  same  environment  some  litters 
are  hairless  and  others  normal;  in  the  same  litter  are  affected 
and  unaffected  pigs.  In  some  specific  small  affected  areas,  the 
sows  that  remain  there  throughout  the  gestation  period  always 
produce  hairless  pigs,  while  those  sows  that  are  there  for  only 
a  part  of  the  gestation  period  and  are  then  removed  to  an  im- 
affected  area  always  produce  normal  pigs.  All  these  facts  tend 
to  eliminate  transmissible  disease  as  a  possible  factor. 
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.  A  Toxic  Svbatanee,  Present  in  the  SoU,  Feed,  or  Water  (?). 

A  considerable  part  of  the  affected  areas  contains  a  great  deal 
of  alkali,  and  many  stockmen  have  asserted  that  alkali  was  the 
cause  of  the  malady,  but  a  large  niunber  of  consistently  nor- 
mal pigs  are  raised  in  alkali  districts  in  pther  parts  of  the  state. 
Likewise,  as  alfalfa  grows  luxuriantly  in  the  affected  areas,  and 
in  many  cases  the  sows  have  nothing  else  to  eat,  it  has  been  stated 
ihsA,  alfalfa  would  produce  hairlessness  in  young  pigs.  But  in 
many  other  sections  of  the  state  alfalfa  is  the  principal  food  for 
hogs  and  no  hairless  pigs  occur.  In  all  cases  where  hairless  pigs 
have  been  produced,  the  sow  has  been,  to  all  appearances,  per- 
fectly normal.  Can  it  therefore  be  due  to  a  toxic  substance? 
Can  we  conceive  of  a  toxic  substance  such  that  when  ingested 
by  the  mother,  it  so  persistently  leaves  her  to  all  appearances} 
perfectly  normal,  yet  arrests  the  development  of  the  fetal  growth 
to  such  a  remarkable  extent — one  with  such  a  speciiSc  action  that 
it  only  fimctions  in  the  later  stages  of  the  intraruterine  life?  The 
effects  do  not  correspond  to  the  physiological  action  of  any  known 
toxic  substance;  therefore  the  probability  of  a  toxic  substance 
being  the  cause  of  the  malady  appears  to  be  very  remote. 

A  Deficiency  of  Some  Essential  Constituent. 

The  apparent  symptoms  of  the  affected  pigs  correspond  exactly 
to  the  symptoms  of  myxedema  as  described  by  Ord'  and  also 
to  the  symptoms  occurring  after  the  extirpation  of  the  thyroid 
as  described  by  the  Reverdins,^  Kocker,*  and  Eiselberg,'  The 
hyperplasia  of  the  thyroid  varies  proportionally  with  the  acute- 
ness  of  the  malady.  The  results  of  Hunt  and  Seidell,^  Marine,* 
and  Marine  and  Williams^  show  conclusively  that  the  activity 
of  the  thyroid  depends  quantitatively  on  the  iodine  content.    As 

■ 

»Ord,  W.  M.,  Med.-Chir.  Tr.,  1878,  xli,  57. 

*  Reverdin,  J.  L.,  aiid  Reverdin,  A.,  Rev.  mid.  Suisse  romande,   1883, 
iii,  169,  233,  309. 
*Kocker,  T.,  Arch,  klin.  Chir.,  1883,  xxix,  254. 
•von  Eiselberg,  A.,  Arch.  klin.  Chir.^  1894,  xlix,  207. 
'Hunt,  R.,  and  Seidell,  A.,  Bull.  Hyg.  Lab.,  U.  S.  P.  H.,  47,  1909. 
•Marine,  D.,  Bull.  Johns  Hopkins  Hosp.,  1907,  xviii,  359. 
•Marine,  D.,  and  Williams,  W.  W.,  Arch.  Int.  Med.,  1908,  i,  378. 
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the  iodine  content  of  the  glands  of  the  affected  pigs  is  extremely 
low,  then  the  activity  of  thyroid  must  be  correspondingly  low. 
Therefore  there  seems  strong  reason  to  believe  that  the  arrested 
fetal  development  of  the  affected  pigs  is  due  to  the  decreased 
physiological  activity  of  the  thyroid,  which  the  author  Las  desig- 
nated as  fetal  athyrosis.  On  the  above  considerations  an  investi- 
gation into  the  iodine  requirement  of  the  pregnant  sow  and  a 
search  for  the  amoimt  of  available  iodine  in  the  affected  districts 
were  imdertaken. 

A  large  number  of  samples  of  agricultural  products  f rcnn  affected 
and  imaffected  districts  were  examined  for  their  iodine  content. 
The  results  did  not  indicate  anything  very  definite.  Iodine 
was  found  in  only  a  few  of  the  samples  collected,  and  in 
very  small  amoimts.  The  analyses,  however,  showed  that  the 
amoimt  of  available  iodine  is  low  and  that  the  average  iodine 
content  of  samples  from  affected  districts  was  lower  than  of  sam- 
ples from  unaffected  districts.  From  all  results  the  following 
has  been  deduced:  While  there  appears  to  be  enough  available 
iodine  to  produce  the  physiologically  active  constituents  of  the 
thyroid  required  by  both  yoimg  and  adult  animals,  yet,  more 
especially  in  the  affected  districts  of  Montana  and  to  a  certain 
extent  over  all  the  western  regions,  the  available  iodine  is  near 
the  border  line  of  the  amoimt  required  by  the  pregnant  animal. 
K  certain  unknown  conditions  are  favorable,  the  mother  may 
obtain  the  amount  of  iodine  required  for  the  activities  both  of  its 
own  and  fetal  glands,  but  if  these  conditions  are  not  favorable, 
the  maternal  organism  can  still  obtain  the  amount  required  for 
the  activities  of  its  own  thyroid  but  not  enough  for  the  rapidly 
growing  fetus.  The  iodine  starvation  of  the  fetus  depresses  the 
physiological  activity  of  the  fetal  thyroid  which  causes  the  re- 
markably arrested  development  peculiar  to  this  malady.  This  is 
a  modification  of  the  contention  that  has  already  been  brought 
forward  by  Fenger^o  after  he  had  examined  a  great  number  of 
adult  and  fetal  glands  from  animals  killed  hi  Chicago.  Fenger 
found  that  a  large  percentage  of  the  fetal  glands  were  abnormally  ^ 
large  and  had  a  very  low  iodine  content,  which  he  states  is  not 
the  case  with  the  adult  glands.    From  this  he  contended  that 

"  Fenger,  F.,  /.  Biol,  Chem.,  1913,  xiv,  404. 
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"the  demand  for  iodine  in  the  rapid  fetal  metabolism  and  growth 
in  certain  instances  may  exceed  the  available  supply  furnished 
by  the  pregnant  animal.  This  supply  may  be  sufficient  for  the 
maintenance  of  the  maternal  metabolism  leaving  the  adult  thy- 
roid normal,  but  not  sufficient  to  prevent  iodine  starvation  and 
enlargement  of  the  fetal  gland." 

Iodine  Feeding. 

Hunt  and  Seidell^  say  their  results  "show  that  when  potassium 
iodide  or  iodoform  is  administered  to  dogs,  the  thyroids  of 
the  latter  contain  a  greatly  increased  percentage  of  iodine  and 
also  are  much  more  active  physiologically." 

Marine,^^  in  reporting  upon  glandular  hyperplasias  of  dog 
thyroids,  says  that  "lack  of  iodine  was  the  essential  deficiency, 
and  iodine  when  supplied  quickly  overcame  the  needs." 

Experiment  1. — In  the  fall  of  1915  fifteen  sows  from  an  imaf- 
fected  district  were  divided  into  three  pens.  They  were  placed 
on  an  affected  ranch  and  were  bred  about  December  1,  and  kept 
there  dining  the  gestation  period.  They  were  fed  3  to  6  poimds 
daily  of  mixed  and  red  clover  hay  and  sufficient  water,  all  prod- 
ucts of  the  affected  ranch.  One  pen  was  fed  potassimn  iodide, 
15  grains  daily  per  sow,  from  December  15  to  farrowing  time; 
another  pen  was  fed  powdered  sheep  th3a'oid,  and  the  remainder 
of  the  sows  were  used  as  a  check. 


TABLE  III, 


Pen. 

No.  of 

80Ki. 

1 

7 

2 

5 

3 

5 

1 

Special  treatment. 


Potassium    iodide,    15 
grains  daily 

Sheep  thyroid,  5  grains 
daily 

No  potassium  iodide  or 
sheep  thyroid 


No.  of 

young 

pigB. 


56 


32 


18 


Condition  of  young  pigs. 


Strong  and  vigorous. 


Good 


Very  poor,  weak, 
dull,  and  no  vi- 
tality  


6 


13 


"Marine,  /.  Infect.  Di8.,  1907,  iv,  425. 
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The  owner  of  the  afifected  ranch  added  two  sows  to  Pen  1. 
These  had  each  produced  hairless  pigs  in  March  and  October, 
1915.  Only  four  of  the  sows  farrowed  in  Pen  3  and  they  produced 
eighteen  pigs.  These  were  weak,  wrinkled,  squeaking,  and  puny 
^igs  that  appeared  to  have  no  chance  to  thrive;  thirteen  died  in  the 
first  few  days.  They  were  not  hairless  but  strongly  resembled 
the  survivors  of  a  litter  which  contained  hairless  pigs.  They  were 
thin-haired,  had  no  vitahty,  and  the  difference  in  appearance 
between  these  and  the  pigs  of  Pen  1  was  striking,  though  the  most 
careful  observation  could  show  no  material  difference  between  the 
sows  in  the  two  pens. 

Experiment  2, — Potassium  iodide,  in  5  grain  daily  doses,  was 
fed  to  twenty-eight  sows  on  five  ranches  in  the  affected  districts 
for  the  last  4  or  5  weeks  of  the  gestation  period.  The  sows  that 
had  already  farrowed  on  these  ranches  had  produced  hairless 
pigs.  Each  of  the  twenty-eight  sows  produced  normal  pigs  after 
receiving  potassixun  iodide. 

The  object  of  the  above  experiments  was  to  demonstrate  the 
difference  between  the  conditions  imder  which  hairless  pigs  are 
produced  and  the  conditions  under  which  normal  pigs  are  pro- 
duced. As  no  hairless  pigs  were  produced  in  Experiment  1,  it 
appeared,  at  first,  as  if  the  resiilts  of  that  experiment  were  use- 
less, but  there  was  such  a  marked  difference  in  the  vitality  of 
the  young  pigs  in  the  respective  pens  that  the  results  can  be  con- 
sidered as  conclusive  as  if  hairless  pigs  had  been  produced,  es- 
pecially if  the  intermittent  natiu-e  of  the  malady  is  taken  into 
consideration.  The  results,  besides  showing  that  an  abundant 
supply  of  iodine  counteracts  fetal  athyrosis,  also  give  a  striking 
demonstration  of  the  beneficial  effect  of  feeding  iodine  to  the 
pregnant  sow. 

When  iodine  is  administered  as  potassium  iodide  it  is  quickly 
detected  in  the  lU'ine  but  in  combination  with  fats  it  is  retained 
for  a  relatively  long  period  in  the  system;  therefore  it  would 
probably  be  more  economical  to  feed  iodine  as  the  di-iodostearate 
obtained  by*satm*ating  with  iodine  certain  vegetable  oils,  m.^ 
cottonseed  oil,  olive  oil,  etc. 

It  is  intended  to  recommend  the  feeding  of  iodine  to  the  preg- 
nant sows  throughout  the  whole  affected  areas  during  the  com- 
ing season.  The  wide  scope  of  the  test  should  produce  conclu- 
sive results. 
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*    "  DISCUSSION. 

,  All  the  evidence  indicates  conclusively  that  the  malady  is 
caused  by  a  lack  of  function  of  the  th3rroid.  On  account  of  the 
pronounced  h3rperplasia  of  the  gland  it  might  be  assumed  by 
others  that  the  abnormal  growth  was  produced  by  some  infec- 
tive agent  of  low  virulence  that  could  not  be  readily  detected, 
or  by  some  toxic  substance,  as  digitalin,  abrin,  and  ricin  are 
known  to  produce  hyperplasia  of  the  thyroid,  and  that  the  bene- 
ficial effect  of  administering  potassium  iodide  was  due  to  the  iodide 
enabling  the  fetus  to  resist  the  infection  or  neutralizing  the  action 
of  the  toxic  substance.  It  has  been  pointed  out  that  all  evidence 
tends  to  disprove  these  contentions;  therefore  in  the  absence  of 
any  evidence  of  the  presence  of  any  infective  agent  or  toxic  sub- 
stance, it  is  most  feasible  to  assume  that  the  cause  of  the  lack  of 
function  of  the  thyroid  is  due  to  a  deficiency  of  iodine. 

During  an  investigation  of  the  effect  of  diet  on  the  activity  of 
the  thyroid,  Reid  Himt"  made  the  hypothesis  that  certain  diets 
lead  to  an  extensive  elimination  of  iodine  of  the  thyroid.  His 
results  indicate  that  the  elimination  is  greatest  with  those  diets 
that  produce  the  more  rapid  growth,  eggs,  milk,  cheese,  and 
various  fats. 

Fetal  athyrosis  is  prevalent  where  the  sows  are  fed  on  alfalfa 
and  flaxseed,  and  it  has  occurred,  in  some  cases,  where  the  sows 
have  received  large  quantities  of  milk.  It  is  generally  recog- 
nized that  these  feeds  produce  rapid  growth  and  it  is  probable 
that  they  might  lead  to  an  abundant  secretion  of  the  thyroid 
and  thus  exhaust  the  thyroid  of  its  physiologically  active  con- 
stituents. Therefore,  while  in  the  presence  of  sufficient  iodine 
they  may  be  excellent  feeds  for  the  pregnant  animal,  yet  when 
the  amoimt  of  available  iodine  is  low  they  may  cause  this  malady 
to  become  more  acute.  The  fact  that  some  of  the  specimens  that 
were  extremely  bald  were  much  larger  than  normal  would  appear 
to  support  this  contention. 

Seidell  and  Fenger^  found  that  there  was  a  great  seasonal 
variation  in  the  iodine  content  of  the  thyroids  of  sheep,  cattle, 
and  hogs  killed  in  Chicago.    Thfe  iodine  content  was  at  a  maxi- 

"  Hunt,  R.,  BuU,  Hyg.  Lab.,  U.  S.  P.  H.,  69,  1910. 

"  Seidell,  A.,  and  Fenger,  F.,  /.  Biol,  Chem.,  1912-13,  xiii,  517. 
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mum  in  the  simmier,  dropped  rapidly  during  the  winter,  and  r6se 
to  a  maximum  again  the  following  simmier.  Their  results  show 
that  the  iodine  content  of  the  glands  of  hogs  is  lowest  from  Decem- 
ber to  March,  the  period  of  the  intrauterine  life  of  the  spring 
litters,  and  that  the  yearly  iodine  curve  for  hogs  is  much  higher 
than  the  curves  for  sheep  and  cattle. 

It  has  been  noticed  that  pigs  bom  in  March  and  April  are 
much  more  frequently  affected  with  fetal  athyrosis  than  those 
bom  in  May  and  Jime,  and  fall  pigs  are  most  frequently  normal 
even  in  the  badly  affected  districts,  which  indicates  that  the  sea- 
sonal variation  exerts  a  great  influence  upon  the  acuteness  of 
this  malady,  and  as  the  yearly  iodine  curve  for  hogs  is  much 
higher  than  the  curves  for  sheep  and  cattle,  a  deficiency  of  the 
th3rroid  constituent  would  cause  the  offspring  of  hogs  to  be  more 
susceptible  to  fetal  athyrosis  than  those  of  sheep  and  cattle. 
This  is  in  accordance  with  the  well  established  evidence  of  the 
occmrence  of  the  malady. 

The  results  of  Martin"  have  shown  that  composite  samples 
of  thyroids,  collected  throughout  the  year  from  sheep  slaughtered 
at  Newcastle-on-T3aie,  England,  varied  comparatively  little 
in  their  iodine  content.  A  striking  feature  of  the  results  was  the 
uniformly  small  size  of  the  glands  and  the  relatively  hi^  per 
cent  of  iodine. 

The  breeders  in  Great  Britain  have  won  a  unique  reputation 
for  the  excellent  livestock  that  they  produce  and  fetal  athyrosis 
has  never  been  known  to  occur  there.  The  above  results  there- 
fore indicate  that  the  shortage  of  iodine  is  more  acute  in  North 
America  than  in  Great  Britain.  When  all  the  results  are  corre- 
lated it  appears  feasible  to  assume  that  if  the  pregnant  animals 
on  this  continent  were  given  more  iodine,  especially  during  the 
winter  months,  the  yoimg  that  they  produce  would  be  more 
healthy  and  more  vigorous  and  the  number  of  weak  and  defective 
young  animals  that  are  produced  annually  would  be  greatly 
reduced. 

It  has  been  generally  contended  by  others  that  the  lack  of 
growth  of  the  epidermal  appendages  in  myxedema  and  after 
extirpation  of  the  thyroid  does  not  indicate  a  direct  relation 

"  Martin,  N.  H.,  Brit,  and  Colonial  Druggist,  1912,  Ixii,  99. 


G.  Ennis  Smith  225 

between  the  thyroid  and  the  production  of  those  appendages, 
but  is  due  to  inhibition  by  the  toxic  substances  of  metabolism 
which  have  not  been  neutralized  by  secretion  of  the  thyroid. 
There  is  every  evidence  that  the  development  of  the  epidermal 
appendages  is  arrested,  in  fetal  athyrosis,  in  the  later  stages  of 
the  intra-uterine  life  when  the  fetal  blood  is  oxygenated  by  the 
maternal  organism,  and  it  can  be  assiuned  that  any  toxic  sub- 
suMice  in  the  fetal  blood  would  be  neutralized  at  the  same  time 
by  the  maternal  organism.  Therefore  it  does  not  seem  possible 
that  the  lack  of  growth  of  the  epidermal  appendages  as  found 
in  fetal  athyrosis  and  probably  also  after  extirpation  of  the  thy- 
roid and  with  myxedema  is  due  to  inhibition  by  toxic  substances 
of  metabolism  and  growth.  While  it  may  be  feasible  to  assume 
that  the  maternal  organism  would  neutralize  the  toxic  substances 
of  the  fetal  blood,  it  is  not  probable  that  the  maternal  thyroid 
could  give  the  required  assistance  for  the  proper  development  of 
the  fetus. 

It  has  been  pointed  out  that  the  th3rroids  of  the  affected  pigs 
are  a  very  dark  red  color  and  that  there  is  an  accumulation  of 
iron  in  the  gland.  This  accumulation  of  iron  is  significant  as 
myxedema  is  accompanied  by  anemia  and  after  extirpation  of 
the  thyroid  there  is  a  rapid  decrease  of  red  corpuscles. 

CONCLUSIONS. 

An  iodine  deficiency'  during  the  gestation  period  causes  a  lack 
of  fimctipn  and  hyperplasia  of  the  fetal  thjrroid,  resulting  in  an 
arrested  development  of  the  fetus. 

If  more  iodine  were  fed  to  the  pregnant  animals  in  large  sec- 
tions of  this  continent,  especially  during,  the  .winter  months,  the 
young  that  they  produce  would  be  more  healthy  and  more  vigor- 
ous and  the  large  number  of  weak  and  defective  young  animals 
that  are  produced  annually  would  be  greatly  reduced. 

Fetal  athyrosis  presents  strong  evidence  that  there  is  a  direct 
relation  between  the  physiologically  active  constituents  of  the 
thyroid  and  growth  of  the  epidermal  appendages. 

An  abundant  secretion  of  the  Tetal  thjrroid,  diu-ing  the  later 
stages  of  the  intra-uterine  life,  is  essential  for  the  normal  develop- 
ment of  the  fetus. 
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STUDIES  IN  CARBOHYDRATE  METABOLISM. 

XIV.  THE  INFLUENCE  OF  ALKALI  ADMINISTRATION  UPON  BLOOD 
SUGAR  CONTENT  IN  RELATION  TO  THE  ACID-BASE- 
PRODUCING  PROPERTIES  OF  THE  DIET.* 

By  LOUISE  McDANELL  ai«)  FRANK  P.  UNDERHILt. 

[Prom  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  University  ^ 

New  Haven,) 

(Received  for  publioation,  J^uary  18,  1917.) 

The  influence  of  acid  and  alkali  upon  carbohydrate  metabolism  with 
respect  to  glycosuria  and  blood  sugar  content  has  recently  received  con- 
siderable attention.  In  a  discussion  of  the  subject,  it  seems  desirable  to 
differentiate  between  the  results  obtained  by  administration  of  acid  or 
alkali  to  normal  animals  and  those  3rielded  when  the  sugar-regulating 
mechanism  has  been  temporarily  disturbed. 

Elias  demonstrated  that  the  introduction  of  hydrochloric  acid  (0.25  n) 
into  dogs  and  rabbits  leads  to  hyperglycemia  and  glycosuria.  Underhill 
(1916,  a)  foimd  that  the  subcutaneous  injection  of  calcium  salts  (lactate 
and  chloride),  which  under  disturbed  conditions  of  carbohydrate  metab- 
olism have  an  effect  analogous  to  hydrochloric  acid,  is  without  signifi- 
cant influence  upon  the  blood  sugar  content  of  normal  rabbits;  and  that 
the  withdrawal  of  calcium  by  the  introduction  of  sodium  phosphate  will 
usually,  although  not  invariably,  produce  in  normal  rabbits  a  condition  of 
hypoglycemia.  This  investigator  showed  also  (1916,  6)  that  the  intra- 
venous injection  of  sodium  carbonate  into  normal  animals  may  induce  a 
decided  though  transient  fall  in  blood  sugar  content.  Marked  hypogly- 
cemia is  indicated  in  slightly  more  than  one-half  the  instances  •reported. 

Recently  Macleod  and  Fulk  found  that  the  injection  of  sodium  carbon- 
ate solution  or  of  hydrochloric  acid,  at  intervals,  into  the  portal  vein 
during  the  continuous  injection  of  a  glucose  solution  into  another  branch 
of  the  same  vein  has  no  effect  upon  the  blood  sugar.  But  when  .glucose 
18  injected  at  a  rate  below  the  tolerance  limit  with  sufficient  alkali  to 
reduce  distinctly  the  hydrogen  ion  concAitration  of  the  blood  of  the  portal 
vein  and  vena  cava,  the  blood  sugar  does  not  rise  to  such  a  degree  as  it 
does  when  the  glucose  solution  is  neutral  or  acid  in  reaction. 


*  The  data  in  this  and  the  six  papers  following  are  taken  from  the  dis- 
sertation presented  by  Louise  McDanell  for  the  degree  of  Doctor  of  Philos- 
ophy, Yale  University.  1917. 
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The  influence  of  the  introduction  of  acid  or  alkali  into  animals  with  a^ 
defective  sugar-regulating  mechanism  has  been  studied  more  extensively. 
Pavy  and  Godden  gave  intravenously  a  3  per  cent  solution  of  anhydrous 
sodium  carbonate  to  oats  exhibiting  glycosuria  in  consequence  of  the 
administration  of  chloroform.  They  observed  a  fall  in  the  intensity  of 
the  glycosuria  within  15  minutes  after  the  injection  was  begun,  the  urine 
becoming  sugar-free  at  the  end  of  30  minutes.  It  was  suggested  by  them 
that  the  inhalation  of  chloroform  may  produce  a  condition  of  acidosis 
which  leads  to  an  abnormal  conversion  of  glycogen  into  sugar,  ao^  hence 
to  glycosuria.  Elias  and  Kolb  studied  the  influence  of  sodium  carbonate 
upon  glycosuria,  hyperglycemia,  and  sugar  tolerance  in  the  ''hunger 
diabetes^  of  young  dogs,  and  found  that  the  alkali  reduces  the  glycosuria 
and  glycemia.  That  this  ''himger  diabetes''  is  a  condition  of  acidosis 
is  indicated  by  the  lowered  carbon  dioxide  content  of  the  blood  and  alveo- 
lar air.  Murlin  and  Kramer  (1913)  showed  that  after  removal  of  the 
pancreas,  sodium  carbonate  introduced  into  the  blood  stream  of  the  dog 
causes  a  diminution  of  the  sugar  excretion.  Later  experiments  by  the 
same  authors  (1916)  indicated:  first,  that  sodiimi  bicarbonate  and  potas- 
sium bicarbonate  administered  by  stomach  tube  may  be  without  immedi- 
ate effect  upon  the  glycosuria  and  hyperglycemia  of  the  depancreatixed 
dog;  second,  that  an  alkali  bicarbonate  given  by  mouth  to  a  fasting  de- 
pancreatized  dog  may  even  cause  the  reappearance  of  glucose  in  the  urine 
after  it  has  been  "starved  out;"  third,  that  the  normal  anhydrous  salt  of 
sodium,  NaiCOi,  may,  on  the  contrary,  reduce  the  sugar  in  the  urine 
materially,  when  given  by  mouth,  and  when  given  by  vein  invariably 
does  so,  especially  when  added  to  Ringer's  or  Locke's  solution  to  the 
amount  of  about  1  per  cent;  and  fourth,  that  dilute  hydrochloric  acid 
given  by  mouth  or  subcutaneously  to  the  depancreatized  dog  has  an  effect 
opposite  to  that  of  alkali,  increasing  the  sugar  in  the  urine  without  affecting 
materially  the  nitrogen  elimination,  and  without  causing  any  effect  upon 
the  blood  sugar. 

It  was  shown  by  Underbill  and  Blatherwick  that  in  thyreoparathy- 
roidectomized  animals,  the  blood  sugar  content  may  be  greatly  diminished 
previous  ^o  the  onset  of  tetany.  At  this  period,  Wilson,  Steams,  and 
Thurlow,  and  Wilson,  Steams,  and  Janney  foimd  that  a  condition  of 
alkalosis  exists,  the  duration  of  which  corresponds  fairly  well  with  the 
interval  of  low  blood  sugar  observed  by  Underbill  and  Blatherwick.  The 
tetany  is  relieved  and  the  blood  sugar  restored  to  normal  by  the  intro- 
duction of  calcium.  The  intravenous  administration  of  hydrochloric 
acid  relieves  the  tetany,  but  apparently  its  effect  upon  the  blood  sugar 
has  not  been  investigated.  It  seems  probable  that  the  condition  of  alkalo- 
sis may  be  responsible  for  the  hypoglycemia. 

It  was  first  shown  by  Underbill  (1911)  that  the  subcutaneous  injection 
of  hydrazine  sulfate  invariably  leads  to  hypoglycemia  in  dogs,  and  fre- 
quently in  rabbits.  Later  MacAdam  called  attention  to  the  fact  that, 
provided  the  dose  of  hydrazine  is  sufficiently  large,  rabbits  also  always 
exhibit  hypoglycemia.    Underbill  and  Baumann  recently  demonstrated 
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ih&tf  in  the  dog,  during  this  period  of  hypoglycemia,  the  hydrogen  ion  con- 
centration of  the  urine  is  greatly  depressed,  even  to  the  point  of  marked 
alkalinity. 

UnderhiU  (1916,  b)  found  that  sodiimi  carbonate,  if  administered  at 
suitable  intervals  previous  to  epinephrine,  significantly  reduces  the  hyper- 
glycemia and  glycosuria  incident  to  injections  of  that  drug.  Calciimi, 
which  Wilson  and  his  coworkers  showed  to  exert  an  acid-like  action  at 
times  in  the  body,  exhibits  (Underbill,  1916,  a)  an  effect  opposite  to  that  of 
sodium  carbonate,  causing  an  increased  elimination  of  sugar  in  the  urine, 
and  altering  the  character  of  the  curve  of  epinephrine  hyperglycemia. 
The  withdrawal  of  calciim:!,  by  the  injection  of  sodium  phosphate  prior 
to  the  administration  of  epinephrine,  reduces  the  sugar  level  and  shortens 
the  period  of  hyperglycemia,  and  frequently  diminishes  the  output  of  sugar 
in  the  urine,  in  comparison  with  conditions  brought  about  by  epinephrine 
alone.  It  has  been  shown  by  Macleod  and  Fulk  that  there  is  a  distinct 
decrease  in  the  blood  sugar  in  animals  in  which  there  is  hyperglycemia 
(etherization  and  operative  manipulation  in  sugar-fed  dogs))  when  alkali 
(NaiCOi)  is  injected  intravenously  in  sufficient  amount  to  lower  the  hydro- 
gen ion  concentration  of  the  blood.  Underbill  (1916,  c)  reported  the 
disappearance  of  glycosuria  in  a  very  severe  case  of  h\m:ian  diabetes,  fol- 
lowing the  ingestion  of  large  doses  of  sodium  bicarbonate. 

The  experiments  detailed  in  the  present  paper  were  under- 
taken for  the  purpose  of  determining  the  factors  responsible  for 
the  inconstant  production  of  hypoglycemia  in  normal  rabbits 
after  the  intravenous  injection  of  sodium  carbonate,  as  reported 
by  UnderhiU  (1916,  6).  The  significance  of  the  diet,  with  respect 
to  its  potential  acid-  or  base-producing  properties,  has  received 
special  attention. 

Methods. 

The  experiments  were  performed  upon  healthy,  full-grown 
rabbits.  Blood  was  obtained  from  the  ear  vein,  the  sample 
weighed,  and  the  blood  sugar  estimated  by  tlie  method  of  Lewis 
and  Benedict.''  ^  After  a  sample  of  blood  had  been  taken  for 
the  normal  blood  sugar,  sodium  carbonate  in  0.5  per  cent  solution 
was  introduced,  under  pressure,  into  the  ear  vein,  2  to  5  minutes 
being  required  for  the  injection.  Samples  of  blood  for  the  de- 
termination of  sugar  were  taken  30,  60,  and  90  minutes  there- 
after. Allowance  was  not  made  for  dilution  of  the  blood,  as 
other  experiments  in  this  laboratory*  have  demonstrated  that, 

>McDanell,  L.,  /.  Lab.  and  Clin.  Med.,  1916,  i,  804. 
*  Lewis,  R.  C,  and  Benedict,  S.  R.,  /.  Biol.  Chem.,  1915,  xx,  61. 
'Bogert,  L.  J.,  Underbill,  F.  P.,  and  Mendel,  L.  B.,  Am.  J.  Physiol., 
1916,  xli,  189. 
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under  the  conditions  here  maintained,  the  blood  volume  returns 
to  normal  in  less  than  30  minutes,  the  interval  allowed  before 
the  first  sample  was  taken. 

No  diflBculty  was  experienced  in  these  experiments,  or  else- 
where, on  accoimt  of  the  ''emotional  glycosuria"  described  by 
Cannon,  Shohl,  and  Wright.*  Allen*  accounts  for  the  variations 
in  the  blood  sugar  of  the  rabbit,  as  given  by  various  authors,  by 
the  statement:  "The  rabbit  is  an  animal  subject  to  emotional 
and  traumatic  hyperglycemia.*'  Later  he  explains  the  apparent 
low  tolerance  of  the  rabbit  for  glucose,  in  some  instances,  by 
saying:  "Tramnatic,  emotional,  or  other  disturbing  influences 
are  probably  the  explanation,  in  a  highly  erratic  and  uncertain 
animal.''  The  experience  in  this  laboratory,  where  many  rab- 
bits are  used,  leads  to  an  opposite  conclusion.  Rabbits  are 
usually  quiet,  docile,  and  seemingly  unconcerned  about  any 
ordinary  treatment  accorded  them.  Even  when  apparently 
excited,  there  has  been  no  noticeable  effect  upon  the  blood  sugar. 

The  diets  of  these  rabbits  were  the  same  as  those  used  by 
Underbill' — whole  oats  and  cracked  corn  for  the  acid-forming 
diet,  carrots  for  the  base-forming  diet,  and  a  mixture  of  these 
for  the  "mixed"  diet. 

The  results  are  shown  in  Tables  I,  II,  and  III.  From  these 
it  may  be  seen  that,  with  the  single  exception  of  Rabbit  17,  there 
was  no  marked  diminution  of  the  blood  sugar  following  the 
injection  of  alkali.  The  initial  blood  sugar  of  Rabbit  17  was 
much  higher  than  that  of  any  other  rabbit  which  was  used,  and, 
after  the  drop  of  one-third  in  the  first  half  hoiu*,  it  was  still  above 
our  average  for  normal  rabbits.  The  further  wide  variations 
in  the  blood  sugar  in  subsequent  periods  would  tend  to  confirm 
the  belief  that  Rabbit  17  is  not  to  be  considered  a  normal  animal. 
While  there  are  a  few  instances  of  an  appreciable  augmentation 
of  blood  sugar  content  following  the  injection  of  the  sodium  car- 
bonate (Rabbits  18,  19,  22),  the  increase  is  too  slight  to  be  at- 
tributable to  the  alkali,  in  view  of  the  large  number  of  cases 
which  showed  no  significant  change.     The  hypoglycemia  may  be 

*  Cannon,  W.  B.,  Shohl,  A.  T.,  and  Wright,  W.  S.,  Am.  J.  Physiol, 
1911-12,  xxix,  280. 

*  Allen,  F.  M.,  Studies  concerning  Glycosuria  and  Diabetes,  Boston, 
1913. 

*  Underhill,  F.  P.,  /.  Biol.  Chem,,  1916,  xxvii,  127. 
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accounted  for  in  Rabbit  22  by  the  prostration  incident  to  the 
injection.  The  few  cases  of  prostration  in  our  experience  have 
all  been  accompanied  by  a  marked  hyperglycemia. 

The  data  presented  indicate  that  the  injection  of  sodium  car- 
bonate is  as  ineffective  in  altering  the  blood  sugar  content  of 
normal  rabbits  maintained  upon  either  acid-forming  or  base- 
forming  diets  as  it  is  in  animals  upon  a  mixed  diet. 

TABLE  I. 

The  Influence  of  Intravenous  Injections  of  0.5  per  CerU  Sodium  Carbonate 
upon  the  Blood  Sugar  Content  of  Rabbits  Maintained  upon  a 

Mixed  Diet. 


Date. 


March  7. 
"  7. 
11. 
11, 
13. 
13. 
15. 
15. 
17. 
17. 


u 


(I 


u 


u 


u 


tt 


u 


it 


Rabbit. 

Weight. 

^fn* 

16 

2,200 

16 

2,060 

17 

1,940 

18 

1,980 

19 

^2,800 

20 

2,000 

21 

2,360 

22* 

2,480 

23 

2,680 

24 

2,300 

Volume  of 

sodium 

carbonate 

injected. 


cc. 

125 
125 
125 
125 
125 
100 
125 
120 
140 
125 


Blood  sugar  (in  percentages). 


Normal. 


0.13 

0.132 

0.18 

0.14 

0.12 

0.11 

0.119 

0.116 

0.11 

0.131 


Min.  after  injection. 


30 


0.132 

0.133 

0.12 

0.20 

0.149 

0.12 

0.12 

0.154 

0.117 

0.124 


60 


0.14 

0.13 

0.176 

0.188 

0.118 

0.12 

0.115 

0.164 

0.137 

0.12 


w 


0.122 

0.133 

0.115 

0.19 

0.144 

0.117 

0.124 

0.142 

0.136 

0.143 


•  Prostrated  by  injection. 


TABLE  IL 

The  Influence  of  Intravenous  Injections  of  0.5  per  Cent  Sodium  Carbonate 
upon  the  Blood  Sugar  Content  of  Rabbits  Maintained  upon  an  Acid- 
Forming  Diet. 


Rabbit. 

Weight. 

Volume  of 

aodium 

carbonate 

injected. 

Blood  sugar  (in  percentages). 

Date. 

Normal. 

Bfin.  after  injection. 

30 

60 

90 

May  3 

"  3 

"  5 

"  5 

27 
29 
30 
31 

Qm. 

1,420 
1,900 
1,660 
1,760 

cc 

120 
120 
123 
110 

0.119 
0.115 
0.11 
0.117 

0.137 
0  13 
0.117 
0.13 

0.15 
0.13 
0.119 
0.13 

0.139 
0.127 
0.123 
0.14 
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TABLE  in. 

The  Influence  of  Intravenous  Injections  of  0,5  per  Cent  Sodium  CarbonaU 
upon  the  Blood  Sugar  Content  of  Rabbits  MairUained  upon  a  Base- 
Forming  Diet. 


Rabbit 

Weicht 

Volume  of 

sodium 

carbonate 

injected. 

Blood  sugar  (in  peroentacas). 

Date. 

Normal. 

Min.  after  injection. 

30 

00 

90 

May  10 

"    10 

"  11 

"  11 

"    12 

"    12 

29 
32 
33 
34 
35 
36 

Qtn, 

2,000 
1,500 
2,080 
1,760 
2,140 
1,540 

ce. 

123 
120 
120 
120 
120    ' 
60 

0.102 

0.12 

0.104 

0.113 

0.104 

0.11 

0.115 
0.112 
0.11 

0.107 
0.104 
0.115 

0.11 

0.126 

0.115 

0.107 

0.113 

0.11 

o.ir 

0.135 

0.12 

0.109 

0.111 

0.114 

CONCLUSIONS. 

In  new  experiments  upon  the  influence  of  sodium  carbonate 
on  the  blood  sugar  content  of  normal  rabbits  on  a  mixed  diet, 
hypoglycemia  has  invariably  failed  to  manifest  itself. 

The  variable  potency  of  sodium  carbonate  in  the  production 
of  hypoglycemia,  as  reported  by  Underbill,  cannot  be  explained 
by  variations  in  the  acid-base-producing  ^ossibiUties  of  the  diet, 
inasmuch  as  wide  ranges  in  these  directions  apparently  play  a 
small  part  in  influencing  the  blood  sugar  content  of  normal  rabbits. 
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STUDIES  IN  CARBOHYDRATE  METABOLISM. 

XV.   THE   INFLUENCE    OF  ACID-FORMING  AND  BASE-FORMING 

DIETS  UPON  BLOOD  SUGAR  CONTENT. 

Bt  LOUISE  McDANELL  and  FRANK  P.  UNDERHILL. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University, 

New  Haven,) 

(Received  for  publicatioiii  January  18,  1917.) 

As  the  result  of  a  study,  by  Sherman  and  Gettler,  of  the  ash  of  foods, 
emphasis  has  been  laid  upon  the  striking  differences  of  foodstuffs  with 
respect  to  their  property  of  yielding  an  ash  with  a  preponderance  of  either 
acid  or  basic  elements.  They  demonstrated  that  fruits  and  vegetables 
yield  a  basic  ash,  and  that  cereals,  meat,  and  fish  give  an  acid  ash.  It  was 
also  pointed  out  by  these  investigators  that  the  acid-forming  or  base- 
forming  character  of  ingested  food  plays  a  significant  r61e  in  the  regulation 
of  urinary  composition.  Thus,  they  foimd  an  augmentation  in  the  am- 
monia excretion  equivalent  to  as  much  as  one-third  of  the  increased  poten- 
tial acid  in  the  diet.  A  still  greater  proportion  of  this  acid  was  represented 
by  the  increased  acidity  of  the  urine. 

Blatherwick  extended  the  work  of  Sherman  and  Gettler  with  respect 
to  the  relation  of  the  urinary  reaction  to  the  character  of  the  diet.  He 
found  that  in  general  the  reaction  of  the  urine  varies  with  that  of  the 
ash  constituents  of  the  diet.  Exceptions  to  the  rule  were  noted  with 
plums,  primes,  and  cranberries,  which  yield  an  acid  urine.  The  cause 
for  this  unexpected  result  is  ascribed  to  their  content  of  benzoic  acid, 
which  is  incompletely  oxidised  in  the  body  and  excreted  as  hippuric  acid. 
Underbill,  in  a  study  of  creatine  metabolism,  showed  that  in  rabbits,  which 
normally  excrete  an  alkaline  urine,  a  diet  of  oats  and  cracked  com  gives 
rise  to  a  urine  of  high  acidity,  while  a  diet  of  carrots  increases  the  alkalinity 
beyond  the  normal. 

In  an  investigation  of  the  influence  of  acid  and  alkali  upon 
carbohydrate  metabolism,  it  was  deemed  desirable  to  determine 
whether  any  influence  would  be  exerted  upon  blood  sugar  content 
by  differences  in  the  acid-base  character  of  the  diet.  The  de- 
tailed experiments  follow. 
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Methods. 

The  experiments  were  made  upon  normal^  fidl-grown  rabbits. 
The  diets  were  the  same  as  those  used  by  Underhill — oats  and 
cracked  corn  for  the  acid-forming  diet,  carrots  for  the  base- 
forming  diet,  and  a  mixture  of  these  for  th^  "mixed"  diet.    Water 
was  offered  several  times  a  day.    Blood  sugar  was  determined, 
usually  in  the  morning  and  afternoon,  according  to  the  method 
of   Lewis   and   Benedict.'**    For   the   estimation   of    hydrogen 
ion  concentration  in  the  urine,  the  procedure  of  Henderson  and 
Palmer*  was  employed,  and  the  results  are  expressed  in  terms  of 
the  logarithmic  notation  of  Sorensen  used  by  them.     On  account 
of  the  strong  alkalinity  of  the  urine  from  the  carrot  and  mixed 
diets,  hydrogen  ion  concentration  was  determined  only  during 
the  periods  of  the  grain  diet. 

Tables  I  and  II  show  the  results  for  rabbits  which  were  under 
observation  for  about  6  weeks.  The  results  for  rabbits  for  which 
the  experimental  period  was  shorter  are  given  in  Tables  III  to  VI. 

The  most  striking  fact  brought  out  by  these  data  is  the  con- 
stancy of  the  values  for  blood  sugar,  notwithstanding  the  wide 
variations  in  the  hydrogen  ion  concentration  of  the  urine.  Evi- 
dently the  sugar-regulating  mechanism  of  a  normal  rabbit  is  not 
significantly  disturbed  by  such  variations  in  acidity  as  occurred 
here;  or,  expressed  differently,  its  power  of  compensation  is 
suflBciently  great  to  enable  it  to  handle  these  amoimts  of  acid 
without  interference  with  the  acid-base  equilibrium  of  its  body. 

Attention  may  be  called  to  the  cases  of  greatest  variation  in 
the  blood  sugar  content.  Rabbit  25  showed  a  blood  sugar  value 
of  0.085  per  cent  on  March  27  and  of  0.084  per  cent  on  April  5, 
while  with  Rabbit  26  there  was  a  value  of  0.085  per  cent  on  March 
27,  and  of  0.076  per  cent  on  April  6.  These  low  values  occurred 
during  the  acid-forming  diet,  only  a  small  portion  of  which  was 
eaten,  and  also  after  the  rabbits,  both  of  which  were  small,  had 
lost  considerable  weight.  The  cases  of  highest  blood  sugar, 
Rabbit  26,  0.161  per  cent  on  April  24,  and  Rabbit  30,  0.162  per 
cent  on  April  19,  as  well  as  other  high  values,  were  obtained  upon 

*  Lewis,  R.  C,  and  Benedict.  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  61. 
>  McDanell,  L.,  J.  Lib.  and  Clin.  Med.,  1916,  i,  804. 

*  Henderson,  L.  J.,  and  Palmer,  W.  W.,  J.  Biol.  Chem.,  1912-13,  xiii,  393. 


L.  McDanell  and  F.  P.  Underbill 


235 


the  base-forming  rations.  This  diet  the  rabbits  relished;  usually 
they  ate  all  that  was  given  them,  and  upon  it  maintained  their  weight 
or  even  gained.  Other  experiments  in  this  series*. show  that 
rabbits  store  very  little  glycogen  upon  an  acid-forming  diet  when 
the  intake  is  as  small  as  it  was  with  the  animals  under  discussion. 
It  is  therefore  possible  that  the  variations  noted  in  the  blood  sugar 
content  may  be  related  to  dietary  factors  other  than  those  con- 
cerned with  the  acid-base  properties. 

TABLE  I. 

The  Effect  of  Changes  in  the  Character  of  the  Diet  upon  Blood  Sugar  Content, 

Rabbit  t5. 


Date. 


Weight  of 
food  eaten. 


Weight  of 
rabbit. 


Blood  eugar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
litmus. 


Mixed  diet. 

* 

gm. 

gm. 

•   per  cent 

per  cent 

ce. 

March  20. . . 

1,700 

0.119 

0.135 

"      21... 

0.122 

0.104 

75 

Alkaline. 

"      22... 

Grain  30 
Carrots 
126 

0.108 

0.104 

44 

« 

"      23... 

Gram  39 
Carrots 

0.098 

0.114 

45 

« 

120 

Acid-forming  diet.f 


^ia^ch24... 
25... 
26. . . 
27... 


u 


u 


u 


40 

1,600 

0.114 

0.121 

18 

35 

0.123 

25 

30 

0.10 

25 

40 

1,500 

0.089 

0.085 

25 

Alkaline. 


41 


Base-forming  diet.t 

March  28... 

430 

0.122 

0.13 

90 

Alkaline. 

"      29... 

500 

1,500 

0.129 

0.125 

275 

u 

"      30 

500 

0.113 

375 

n 

"      31... 

500 

1,400 

0.121 

0.116 

385 

it 

*  Com  and  oats,  50  gm.,  carrots,  250  gm. 
t  Com  and  oats,  100  gm. 
t  Carrots,  500  gm. 


*  McDanell,  L.,  and  Underbill,  F.  P.,  J.  Biol.  Chem.,  1917,  xxix,  255. 
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TABLE  l-Concluded. 

Wnght  of 
.food  eaten. 

Weight  of 
rabbit. 

Blood  sugar. 

Urine. 

Date. 

A.m. 

P.m. 

Volume. 

Reactioa  to 
litmus. 

Acid-forming  diet.f 


April    1. 


3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Qfn. 

gm. 

per  cent 

per  cent 

ec 

57 

0.114 

15 

40 

1,400 

0.119 

25 

52 

0.111 

0.117 

15 

43 

1,440 

0.092 

0.09S 

20 

55 

0.105 

0.084 

20 

55 

1,460 

0.10 

0.106 

20 

60 

0.10 

0.098 

10 

57 

1,440 

0.102 

0.087 

30 

60 

0.097 

25 

1,440 

0.106 

0.098 

50 

Alkaline. 

H  ion. 
5.5 
5.7 
5.7 
5.7 
5.5 
5.8 
5.3 
5.8 


Base-fonning  diet.t 


April  11.. 
12.. 
13.. 
14.. 
15. 
16.. 
17., 
18.. 
19.. 
20., 
21.. 
22.. 
23. 
24.. 


488 
500 
500 
500 
500 
500 
455 
500 
500 
500 
500 
500 
500 
500 


1,500 
1,460 
1,460 
1,500 
1,520 
1,520 


0.113 

0.096 

0.099 

0.109 

0.126 

0.115 

0.132 

0.107 

0.107 

0.116 

0.11 

0.106 

0.124 

0.133 


0.10 
0.101 

0.11 
0.113 

0.113 
0.106 
0.118 
0.101 
0.116 
0.121 

0.135 


115 
260 
285 
260 
330 
315 
245 
360 
245 
285 
265 
325 
365 
320 


H  ion. 
6.7 
6.9 
7.38 
Alkaline. 


Acid-forming  diet.f 


April  25. 


26.... 

27.... 

28.... 

20 

30.... 


52 

50 
30 
25 
15 
10 


1,520 
1,500 
1,440 


0.117 

0.097 
0.116 
0.112 
0.118 
0.113 


0.123 

0.106 

0.119 
0.097 


75 

45 
36 
26 
25 
15 


Alkaline. 
H  ion. 

5.3 

4.9 

4.7 

5.3 

5.3 
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TABLE  n. 

The  Effect  of  Changes  in  the  Character  of  the  Diet  upon  Blood  Sugar  Content. 

Rabbit  B6. 


Date. 


Weight  of 
food  eaten. 


Weight  of 
nu^bit. 


Blood  sugar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
litmus. 


Mixed  diet.' 


gm. 

Qfn. 

per  cent 

pef  cent 

cc. 

March  20... 

2,000 

0.128 

0.119 

"     21... 

0.128 

0.108 

140 

Alkaline. 

"     22... 

0.115 

0.112 

108 

u 

."     23... 

Grain  50 
Carrots 
250 

0.121 

108 

it 

• 

Acid-forming  diet.f 


March  24... 

55 

1,840 

0.11 

0.115 

64 

Alkaline. 

"     25... 

52 

0.108 

80 

H  ion. 

«        Oft 

10 

0.097 

130 

7.38     • 

"     27... 

8 

1,560 

0.085 

0.098 

155 

7.43 

Base-forming  diet.t 


March  28... 

410 

0.121 

0.123 

230 

Alkaline. 

"     29... 

500 

1,720 

0.129 

0.121 

385 

u 

"     30... 

500 

0.115 

315 

n 

"     31... 

500 

1,720 

0.12 

0.11 

400 

it 

Acid-forming  diet.f 


April    1 

50 

0.121 

110 

Alkaline. 

"    2 

60 

1,680 

0.117 

95 

H  ion. 

"    3 

46 

0.129 

0.103 

80 

6.7 

"    4 

60 

1,660 

0.128 

0.123 

75 

6.5 

"    5 

53 

0.117 

0.092 

80 

6.8 

"    6 

45 

1,640 

0.076 

0.093 

60 

6.3 

"    7 

41 

0.108 

0.103 

55 

5.7 

"    8 

1,600 

0.111 

0.117 

55 

5.7 

"    9 

40 

0.097 

60 

5.5 

"  10 

0.104 

0.099 

45 

5.3 

*  Com  and  oats,  50  gm. ;  carrots,  250  gm. 
t  Com  and  oats,  100  gm. 
t  Carrots,  500  gm. 
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TABLE  ll-^oncluded. 


Date. 


Weifhtof 
food  eaten. 


Weicht  of 
rabbit. 


Blood  sugar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
litmus. 


April  25... 
"  26... 

"  27... 
"  28... 
"  29... 


Base-forming  diet.J 


Qtn. 

Qtn. 

percent 

> 

per  cent 

ce. 

April  11 

500 

0.095 

0.10 

175 

6.8 

"  12 

500 

1,620 

0.107 

0.093 

400 

7-38 

lo 

500 

0.112 

0.119 

285 

Alkaline. 

"  14 

500 

1,680 

0.108 

0.106 

385 

« 

"  15 

500 

0.113 

0.148 

320 

« 

"  16 

500 

1,660 

0.107 

505 

• 

"  17 

500 

0.109 

0.136 

305 

« 

"  18 

500 

1,800 

0.098 

0.127 

445 

(1 

"  19 

500 

0.113 

0.126 

420 

« 

"  20 

500 

1,880 

0.133 

0.132 

275 

<( 

"  21 

500 

0.129 

0.158 

285 

« 

"  22 

600 

1,800 

0.134 

0.128 

395 

« 

"  23 

500 

0.132 

360 

« 

•    "  24 

500 

0.114 

0.161 

450 

« 

Acid-forming  diet.f 


80 

0.114 

0.133 

95 

93 

1,780 

0.124 

0.111 

38 

63 

0.13 

35 

1,760 

0.12 

0.112 

60 

1,740 

0.122 
0.138 

0.128 

36 

Alkaline. 

H  ion. 
4.7 

4.7 
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TABLE  m. 

The  Effect  of  Changes  in  tJie  Character  0}  the  Diet  upon  Blood  Sugar  Content. 

Rabbit  f7. 


Dftte. 


Weifhtof 
food  eaten. 


WeUhtof 
nbbit. 


Blood  Bugar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
litmus. 


Base-forming  diet.* 


Qfltt 

^m. 

per  cent 

per  cent 

ee. 

April  14 

1,820 

"  15 

460 

0.114 

0.104 

210 

Alkaline. 

"  16 

500 

1,900 

0.112 

325 

"  17 

500 

0.114 

0.102 

320 

"  18 

500 

1,900 

0.098 

0.094 

345 

"  19 

500 

0.114 

0.117 

250 

«  20 

500 

1,860 

0.106 

0.116 

295 

"  21 

500 

0.124 

0.107 

255 

"  22 

410 

1,800 

0.113 

0.11 

295 

£a,»,  .  . 

500 

0.116 

300 

« 

"  24 

440 

1,780 

0.11 

0.123 

280 

It 

Acid-forming  diet.f 


April  25. 


u 

26. 

u 

27. 

u 

28 

tt 

29 

u 

30 

May 

1 

0.115 

0.099 

55 

33 

1,640 

0.11 

0.10 

29 

42 

0.12 

35 

1,620 

0.134 

0.107 

60 

0.114 

0.095 

56 

20 

1,540 

0.118 

40 

5 

0.13 

35 

Alkaline. 
H  ion. 

5.85 

5.3 

5.7 
4.7 
4.7 


*  Carrots,  500  gm. 

t  Com  and  oats,  100  gm. 
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Carbohydrate  Metabolism.     XV 


TABLE  IV. 

TJie  Effect  of  Changes  in  the  Character  of  the  Diet  upon  Blood  Sugar  Content. 

Rabbit  $9, 


Date. 


Weight  of 
food  eaten. 


Weight  of 
rabbit. 


Blood  sugar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
Utmos. 


Base-forming  diet.* 

• 

Qtn. 

gm. 

per  eenl 

per  cent 

ec. 

April  14 

1,980 

'     15 

402 

0.117 

0.11 

240 

Alkaline. 

16 

500 

2,020 

0.108 

245 

'     17 

500 

0.109 

0.096 

325 

'     18 

500 

2,100 

0.108 

0.11 

340 

'     19 

500 

0.127 

365 

'     20 

500 

2,000 

0.118 

0.106 

375 

'     21 

500 

0.133 

0.11 

280 

*     22 

500 

2,080 

0.118 

0.114 

280 

'     23 

500 

0.123 

420 

'     24 

500 

2,020 

0.127 

0.127 

270 

Acid-forming  diet.f 


April  25. 

26. 
27. 
28. 
29. 
30. 
May     1. 


80 

90 
65 
65 
40 
23 
20 


1,960 
2,000 
1,940 


0.116 

0.115 

0.11 

0.11 

0.106 

0.116 

0.119 


0.112 

0.104 

0.104 
0.106 


45 

30 
15 
20 
29 
26 
22 


Alkaline. 
H  ion. 
6.3 
5.85 
5.7 
5.85 
5.7 
5.7 


*  Carrots,  500  gm. 

t  Com  and  oats,  100  gm. 
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TABLE  V. 

The  Effect  of  Changes  in  the  Character  of  the  Diet  upon  Blood  Sugar  Content. 

Rabbit  SO. 


Dftte. 


Weight  of 
food  eaten. 


Weight  of 
rabbit. 


Blood  Bogar. 


A.m. 


P.m. 


Urine. 


Volume. 


Reaction  to 
litmus. 


Base-forming  diet.* 


ffW^» 

gm. 

per  cent 

per  cent 

ce. 

April  14 

1,920 

"    15 

500 

0.136 

0.106 

350 

Alkaline. 

"    16 

500 

1,820 

0.132 

400 

"    17 

500 

0.123 

0.123 

310 

"    18 

500 

1,920 

0.135 

0.125 

340 

"    19 

500 

0.162 

0.137 

210 

"    20 

500 

1,980 

0.143 

0.123 

310 

"    21 

500 

0.125 

0.123 

370 

"    22 

500 

1,880 

0.125 

0.125 

390 

"    23 

500 

0.128 

405 

«    24 

500 

1,820 

0.108 

0.10 

400 

Acid-forming  diet.f 


April  25 

76 

0.118 

0.116 

55 

Alkaline. 
H  ion. 

"    26 

75 

1,800 

0.11 

0.127 

45 

5.1 

£( 

50 

0.105 

55 

4.7 

"    28 

45 

1,720 

0.106 

0.10 

44 

4.7 

"    29 

18 

0.107 

0.102 

30 

4.7 

"    30 

30 

1,680 

0.108 

35 

4.7 

May    1 

45 

0.10 

34 

4.9 

"      2 

55 

1,720 

0.107 

0.09 

30 

5.1 

"     3 

57 

0.11 

40 

4.9 

"     4 

50 

0.109 

22 

5.1 

o 

28 

1,660 

0.11 

27 

4.9 

•  Carrots,  500  gm. 

t  Com  and  oats,  100  gm. 
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Carbohydrate  Metabolism.    XV 


TABLE  VI. 

The  Effect  of  Changes  in  the  Character  of  the  Diet  upon  Blood  Sugar  Contenl. 

Rabbit  SL 


Date. 


Weight  of 
food  eaten. 


Weight  of 
rabbit. 


Blood  Bucar. 


A.m. 


P.m. 


Urine. 


Volume. 


Beaotion  to 
litmn. 


Base-fonning  diet.* 


April  16... 
17... 


it 
« 

u 


18. 
19. 
20. 
21. 
22. 
23. 
24. 


^fll. 

^ffi. 

per  eeni 

jM^  cent 

ee. 

500 

2,040 

0.102 

290 

500 

0.109 

0.105 

370 

500 

2,040 

0.105 

0.103 

390 

500 

0.107 

0.112 

275 

500 

1,960 

0.127 

0.115 

370 

500 

0.119 

0.118 

290 

500 

2,020 

0.12 

0.111 

370 

500 

1 

0.111 

320 

500 

2,060 

0.114 

0.123 

370 

Alkaline. 


u 
ti 
tt 
tt 
u 
u 
u 
tt 


Acid-forming  diet.f 


*  Carrots,  500  gm. 

t  Com  and  oats.  100  gm. 


April  25 

75 

0.125 

0.099 

85 

Alkaline. 
H  ion. 

"    26 

2,080 

0.109 

0.101 

85 

6.3 

"    27 

138 

0.106 

8 

6.9 

«     28 

35 

2,040 

0.11 

0.098 

105 

5.3 

"     29 

28 

0.112 

0.107 

125 

5.3 

"    30 

33 

1,940 

0.105 

78 

4.7 

May     1 

35 

0.109 

90 

4.7 

"      2 

18 

1,840 

0.117 

120 

4.7 

"      3 

60 

0.114 

55 

4.7 

"      4 

5 

0.128 

67 

4.7 

20 

1,760 

0.117 

75 

4.7 

L.  McDanell  and  F.  P.  Underbill 


243 


TABLE  Vn. 


The  Average  Figures  far  Blood  Sugar  Content  of  Rabbits  Maintained  upon 

Different  Diets. 


Rabbit. 

Add-forming  diet. 

Base-forming  diet. 

25    Period  1 

per  cent 
0.105 

0.102 
0.111 

0.102 
0.108 
0.123 

0.112 
0.111 
0.108 
0.11 

per  cent 

0.122 

"     2 

0.113 

«     3 

26    Period  1 

0.12 

"     2 

0.121 

"     3 

27 

0.111 

29 

0.115 

30 

0.127 

31 

0.113 

General  averairea 

0.100 

0.117 

^                                1 

CONCLUSIONS. 

In  a  normal  rabbit  the  blood  sugar  content  is  not  significantly 
changed  by  variations  in  the  acid-base  content  of  the  diet,  which 
are  sufficient  to  cause  a  marked  change  in  the  hydrogen  ion 
concentration  of  the  urine.  These  results  are  in  agreement  with 
those  of  the  preceding  paper,  which  indicate  that  the  blood 
sugar  content  of  a  normal  rabbit  is  not  usually  appreciably 
aflfected  by  intravenous  injections  of  dilute  alkali. 
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STUDIES  m  CARBOHYDRATE  METABOLISM. 

XVI.  THE  RELATION  OF  EPINEPHRINE  GLYCOSURIA  TO  DOSAGE 
AND  TO  THE  CHARACTER  OF  THE  DIET. 

By  LOUISE  McDANELL  and  FRANK  P.  UNDERHILL. 

{Pram  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  University t 

New  Haven.) 

(Received  for  publication,  January  18,  1917.) 

Recently  it  was  observed  by  Underbill  (1916)  that  the  glyco- 
suria (and  hyperglycemia)  produced  by  subcutaneous  injections 
of  epinephrine  is  decreased  by  the  intravenous  injection  of  alkaU 
(sodium  carbonate,  in  0.5  per  cent  solution).  Here  Underbill 
used  doses  of  1  mg.  of  epinephrine  (Parke,  Davis  and  Company, 
adrenalin  chloride,  1: 1,0(X))  per  kilo  of  body  weight.  In  plan- 
ning to  extend  this  work,  it  was  considered  possible  that  the 
effect  of  the  alkali  in  reducing  the  glycosuria  and  hyperglycemia 
might  be  more  marked  if  a  minimum  effective  dose  of  epinephrine 
were  administered.  Accordingly,  the  relation  of  glycosuria  to 
variations  in  the  quantity  of  epinephrine  administered  has  been 
determined.  The  influence  of  acid-forming  and  base-forming 
diets  upon  the  glycosuria  brought  about  by  given  doses  of  epineph- 
rine has  also  been  investigated. 

Methods. 

Eighteen  full-grown  rabbits  were  divided  into  three  groups, 
A,  B,  and  C,  each  group  being  fed  for  1  week  with  (1)  a  mixed 
diet  of  oats,  cracked  corn,  bread,  carrots,  celery,  grass;  (2)  a 
base-forming  diet  of  carrots  and  celery;  (3)  an  acid-forming  diet 
of  oats  and  cracked  corn;  (4)  a  mixed  diet  similar  to  that  of  the 
first  week.  A  surplus  of  the  mixed  and  grain  diets  was  always 
available,  while  the  base-producing  food  was  usually  entirely 
consumed.  An  abimdance  of  water  was  supplied.  Epinephrine 
(adrenalin  chloride,  I:I,(X)0,  Parke,  Davis  and  CJompany)  was 
administered  in  doses  of  0.1  to  0.5  mg.  per  kilo  of  body  weight. 
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TABLE  L 

The  Relation  of  Epinephrine  Glycosuria  to  Dosage  and  to  the  Character  of  tU 

Diet.    Group  A. 


Rabbit. 


Epinephrine  per  kilo»  mg 

May  16-16.    Base-forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

May  23-24.    Mixed  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

May  29-30.    Acid-forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

June&-6.    Mixed  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 


32 


0.6 

1,460 

176 

0.163 

1,640 
130 
0.663 

1,620 

100 

0.139 

1.480 

126 

0.476 


33 


0.4 

2,040 
270 
0.0763 

2,100 

170 

0.097 


34 


0.3 

1,700 
116 
0.0 

1,660 

166 

0.112 

1,680 

60 

0.042 

1,700 

240 

0.000 


35 


0.2 

1,940 
70 


2,120 

166 

0.184 

1,900 

60 

0.066 

2,160 

170 

0.101 


36 


0.3 

1,600 

230 

0.01 

1,620 

76 

1.424 

1,640 

60 

0.669 

1,620 

66 

0.767 


39 


50 


0.2 

2,140 
210 
0.023 

2,260 

146 

0.398 

2,080 

80 

0.278 

2,040 

160 

1.015 


0.2 


1,820* 
105 
0.017 

1.800 

105 

1.012 


*  Mixed. 

TABLE  n. 

The  Relation  of  Epinephrine  Glycosuria  to  Dosage  and  to  the  Character  of 

the  Diet,    Group  B, 


Rabbit. 


Epinephrine  per  kilo,  mg 

May  17-18.    Mixed  diet. 

Weight,  gm 

Urine   volume,  cc 

Glucose,  gm 

May  25-26.    Base -forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

June  1-2.     Acid-forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

June  8-9.     Mixed  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 


37 


38 


0.4 

1,460 
105 

1.887 

1,640 

205 

0.807 

1,640 

80 

1.076 

1,640 

140 

1.77 


39 


40 


0.4 


2,060 

150 

1.807 


2,160 

325 

1.764 

2,020 

80 

0.724 

2,160 

95 

1.045 


0.3 


1,380 
190 
0.103 


1,420 

240 

0.789 

1,400 

15 

0.344 

1,460 

85 

1.120 


0.3 

2,440 
326 
3.466 

2,600 

360 

2.079 


41 


0.2 

1,600 

90 

0.289 

1,460 

210 

0.397 


42 


51 


0.2 

1,400 

60 

0.562 

1,220 

230 

0.065 


0.2 


2,0601,460 


76 
0.333 

2,460 

225 

3.915 


66 
0.066 

1,620 

106 

0.134 


1.780* 

• 

75 
0.026 

1.700 
60 
0  6.=> 


Mixed. 
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At  the  end  of  each  week,  each  rabbit  was  given  subcutaneously 
the  specified  dose  of  epinephrine  and  placed  in  a  metabolism 
cage  for  24  hours.  Sugar  in  the  urine  was  determined  gravi- 
metrically  according  to  Allihn's  method,  the  copper  being  weighed 
as  cupric  oxide. 

TABLE  III. 

The  Relation  of  Epinephrine  Olycosuria  to  Dosage  and  to  the  Character  of 

the  Diet.    Group  C. 


Rabbit. 


Epinephrine  per  kilo,  mg 

May  19-20.    Mixed  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

May  26-27.  Base-forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

June  2-3.    Acid-forming  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

June  9-10.    Mixed  diet. 

Weight,  gm 

Urine  volume,  cc 

Glucose,  gm 

•Mixed. 


43 
0.3 

44 

45 

0.2 

46 

0.2 

47 

0.1 

48 

0.3 

0.1 

1,640 

2,720 

2,660 

1,680 

1,880 

2,600 

76 

176 

166 

60 

140 

160 

0.016 

4.618 

1.697 

0.023 

0.000 

0.161 

1,500 

2,260 

2,600 

1,680 

1,600 

360 

116 

260 

240 

240 

1.474 

2.146 

0.124 

0.49 

0.173 

No.  62* 

1,980 

2,600 

1,760 

1,740 

2,140 

130 

116 

46 

46 

60 

3.480 

0.816 

0.074 

0.063 

1.039 
No.  63* 

2,080 

2,680 

1,620 

1,740 

2,740 

126 

166 

76 

36 

130 

2.720 

1.400 

0.160 

0.000 

3.683 

49 


0.1 


1,640* 
110 


1,420 

60 

0.022 

1,480 

46 

0.030 


The  Relation  of  Glycosuria  to  Variations  in  the  Qitantity  o/ 

Epinephrine  Administered, 

From  Tables  IV  and  V,  arranged  according  to  the  dosage,  it 
may  be  seen  that  0.4  mg.  of  epinephrine  per  kilo  always  induced 
glycosuria;  that  0.3  mg.  per  kilo  caused  glycosuria  in  every 
instance  except  two  (Rabbit  34),  and  that  the  average  excretion 
of  sugar  incident  to  this  dose  was  greater  than  that  following 
the  0.4  mg.  dose,  although  the  small  niunber  of  rabbits  receiving 
the  latter  amoimt  reduces  the  value  of  this  comparison.  With 
a  dose  of  0.2  mg.  of  epinephrine  per  kilo,  glycosuria  resulted  in 
every  instance,  although  the  average  amoimt  of  sugar  eliminated 
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was  less  than  one-third  of  that  excreted  after  a  dose  of  0.3  mg. 
per  kUo.  A  dose  of  0.1  mg.  of  epinephrine  per  kilo  was  given 
only  to  three  animals  (Rabbits  47,  48,  and  49,  Table  III).     This 


TABLE  IV. 


The  OtUpiU  of  Sugar  in  the  Urine  Follotoing  Varying  Doses  of  Epinephrine^ 
in  Relation  to  Changes  in  the  Character  of  the  Diet. 


Rabbit. 

Epinephrine 
per  Idlo. 

Gluooae  in 

urine  with 

Mixed  diet. 

Basic  diet. 

Acid  diet. 

Mixed  diet. 

mg. 

gm. 

gfitm 

gtn. 

gw. 

33 

0.4 

0.097 

0.076 

37 

0.4 

1.887 

0.807 

1.076 

1.77 

38 

0.4 

1.807 

1.764 

0.724 

1.045 

Averase 

1.264 

0.882 

0.900 

1.407 

• 

34 

0.3 

0.112 

0.000 

0.042 

0.000 

36 

0.3 

1.424 

0.01 

0.559 

0.767 

39 

0.3 

0.103 

0.789 

0.344 

1.120 

40 

0.3 

3.456 

2.079 

0.333 

3.915 

43 

0.3 

0.015 

1.474 

44 

0.3 

4.518 

2.146 

3.480 

2.720 

62 

0.3 

1.039 

53 

0.3 

3.583 

Average 

1.606 

1.088 

0.962 

1.878 

35 

0.2 

0.184 

0.065 

0.101 

29 

0.2 

0.398 

0.023 

0.278 

1.015 

41 

0.2 

.   0.289 

0.397 

0.055 

0.134 

42 

0.2 

0.562 

0.065 

45 

0.2 

1.697 

0.124 

0.815 

1.400 

46 

0.2 

0.023 

0.49 

0.074 

0.150 

50 

0.2 

0.017 

50 

0.2 

0.012 

51 

0.2 

0.026 

51 

0.2 

0.6."V^ 

Average 

0  626 

0.22 

0.267 

0.3 

General  averasre . . 

1.105 

0.732 

0.654 

1.08 

^■^  ^^  **%^»  WVA       V^V    w    ^^  •  ^VB^^^    •     • 

amoimt  failed  to  produce  glycosuria  in  two  cases  out  of  seve. 
In  view  of  these  results  it  seems  probable  that  a  dose  of  0.3  m^ 
of  epinephrine  per  kilo  of  body  weight  may  be  relied  upon  tc 
induce  glycosiu'ia  when  the  liver  contains  a  sufficiency  of  glycogen. 


.Aixed. 
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TABLE  V. 


The  Output  of  Sugar  in  the  Urine  FolUymng  Varying  Doses  of  Epinephrine, 
in  Relation  to  Changes  in  the  Character  of  the  Diet.    Results  for 
Animals  That  Survived  the  Entire  Experimental  Period. 


Rabbit. 

Epinephrine 
per  kilo. 

\  — 

Gluooee  in  urine  with 

Mixed  diet. 

Basic  diet. 

Acid  diet. 

Mixed  diet. 

mg. 

Qfft. 

^fR. 

gm. 

gm. 

37 

0.4 

1.887 

0.807 

1.076 

1.77 

38 

0.4 

1.807 

1.764 

0.724 

1.045 

Average 

1.847 

1.285 

0.900 

1.407 

34 

0.3 

0.112 

0.000 

0.042 

• 

0.000 

36 

0.3 

1.424 

0.01 

0.559 

0.767 

39 

0.3 

0.103 

0.789 

0.344 

1.120 

40 

0.3 

3.456 

2.079 

0.333 

3.915 

44 

0.3 

4.518 

2.146 

3.480 

2.720 

Average 

1.923 

1.006 

0.962 

1  704 

35 

0.2 

0.184 

0.065 

0.101 

29 

0.2 

0.398 

0.023 

0.278 

1.015 

41 

0.2 

0.289 

0.397 

0.055 

0.134 

45 

0.2 

1.697 

0.124 

0.815 

1.400 

46 

0.2 

0.023 

0.49 

0.074 

0.150 

Average 

0.618 

0.268 

0.267 

0  660 

General  average. . 

1.325 

0.784 

0.654 

1.178 

The  Inflitence  of  Changes  in  the  Character  of  the  Diet  upon 

Epinephrine  Glycosuria. 

The  influence  of  the  character  of  the  diet  is  fairly  uniform 
(see  Tables  IV  and  V).  The  output  of  sugar  was  greatest  when 
the  rabbits  were  given  a  mixed  diet,  and  there  is  good  agreement 
between  the  results  of  repeated  doses  upon  this  diet.  The  acid- 
)rming  diet  resulted  in  the  lowest  output  of  sugar,  averaging 
lightly  more  than  one-half  that  upon  a  mixed  diet.  During  the 
^>ase-forming  diet  the  sugar  excretion  was  greater  than  with  that 
yielding  an  acid  ash,  although  the  excess  was,  in  general,  slight — 
not  more  than  20  per  cent. 

Inasmuch  as  the  glycosuria  produced  by  epinephrine  is  de- 
pendent upon  the  animaPs  store  of  glycogen,  these  results  ap- 
parently indicate  that  an  acid-forming  diet  is  slightly  less  effi- 
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dent  in  the  formation  of  glycogen  than  is  a  base-forming  diet^ 
and  that  both  are  greatly  inferior  to  a  mixed  diet  in  this  respect. 
The  variations  in  body  weight  seem  to  point  in  the  same  direction, 
gain  in  weight  having  been  greatest  and  most  frequent  upon  the 
mixed  diet.  In  a  comparison  of  the  acid-  and  base-producing 
diets,  gain  in  weight  is  more  often  seen  with  that  jdelding  a  basic 
ash. 

According  to  Allen,  the  excretion  of  sugar  after  epinephrine 
administration  is  markedly  influenced  by  diuresis.  In  these 
experiments  the  volume  of  urine  was  much  less  during  the  acid- 
forming  diet  of  grain  than  with  the  base-producing  diet  of  fresh 
vegetables,  owing  to  the  small  amount  of  water  taken  by  the 
animals  while  upon  the  grain  diet.  This  fact  may  be  partly 
responsible  for  the  reduced  output  of  sugar  following  the  acid- 
forming  diet,  although  an  examination  of  the  figures  indicates  no 
constant  relation  between  the  volimie  of  urine  and  its  sugar 
content. 

CONCLUSIONS. 

A  dose  of  0.3  mg.  of  epinephrine  per  kilo  of  body  weight  may 
be  depended  upon  to  produce  glycosuria  in  a  normal  rabbit. 

With  a  sufficient  quantity  of  food,  rabbits  upon  a  mixed  diet 
excrete  larger  amoimts  of  sugar  after  epinephrine  administration 
than  when  maintained  upon  either  an  acid-producing  diet  or 
one  yielding  a  basic  ash.  The  data  given  indicate  that  during 
a  base-forming  diet  a  somewhat  larger  output  of  sugar  occurs 
subsequent  to  epinephrine  injection  than  obtains  imder  similar 
conditions  with  an  acid-producing  diet. 

These  results  may  possibly  be  interpreted  to  mean  that  there 
is  a  greater  glycogen  storage  upon  a  base-producing  diet  than 
upon  a  dietary  yielding  an  acid  ash. 

With  injections  of  epinephrine  repeated  at  intervals  of  1  week, 
with  rabbits  there  is  no  apparent  decreased  susceptibility  to  the 
drug. 

BIBLIOGRAPHY. 
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STUDIES  IN  CARBOHYDRATE  METABOLISM. 

XVn.  FURTHER  EXPERIMENTS  UPON  THE  INFLUENCE  OF  THE 
INTRAVENOUS  INJECTION  OF  SODIUM  CARBONATE  UPON 
EPINEPHRINE  HYPERGLYCEMIA  AND  GLYCOSURIA. 

Bt  LOUISE  McDANELL  and  FRANK  P.  UNDERHILL. 

(From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University  ^ 

New  Haven.) 

(Received  for  publication,  January  18,  1917.) 

In  previous  papers  it  has  been  shown  that  carbohydrate  metab- 
olism, in  normal  animals,  is  usually  undisturbed  by  injections 
of  sodium  carbonate  or  by  diets  yielding  an  acid  or  basic  ash. 
When,  however,  the  sugar-regulating  mechanism  is  thrown  out 
of  equilibrium,  pronounced  effects  may  result  from  the  intro- 
duction of  acid  or  alkah.^ 

Recently  Underbill  demonstrated  that  the  hyperglycemia  and 
glycosuria  due  to  epinephrine  are  decreased  by  the  administra- 
tion of  sodium  carbonate.  In  the  experiments  reported  in  the 
present  paper,  this  investigation  has  been  extended  with  the 
object  of  determining  whether,  with  the  minimum  effective  dose 
of  epinephrine,  0.3  mg.  per  kilo  of  body  weight,*  hyperglycemia 
and  gl3rcosuria  can  be  entirely  prevented  by  the  injection  of 
sodium  carbonate. 

Methods. 

The  experiments  were  performed  upon  healthy,  full-grown 
rabbits.  Injections  into  the  ear  vein  of  a  solution  of  sodium 
carbonate  (0.5  per  cent)  were  followed  in  30  minutes  by  sub- 
*  cutaneous  administrations  of  0.3  mg.  of  epinephrine  (Parke, 
Davis  and  Ck)mpany,  adrenalin  chloride,  1: 1,000)  per  kilo  of  body 
weight.    Samples  of  blood  for  the  determination  of  sugar  were 

»McDanell,  L.,  and  Underbill,  F.  P.,  J.  Biol.  Chem.,  1917,  xxix,  227. 
*McDanell  and  Underbill,  J.  Biol.  Chem.,  1917,  xxix,  245., 
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taken  before  the  administration  of  the  carbonate,  i  hour  after- 
ward (just  preceding  the  injection  of  epinephrine),  and  sub- 
sequently at  intervals  of  1  hour.  The  method  of  Lewis  and 
Benedict  was  used  for  the  estimation  of  blood  sugar.  The  sugar 
in  the  urine  was  determined  by  the  Allihn  procedure,  the  copper 
being  weighed  as  cupric  oxide. 

The  data  obtained  may  be  found  in  Tables  I  and  II,  and  in 
Fig.  1  the  results  are  expressed  in  the  form  of  cxu'ves.  In  Table  I 
(last  line)  the  averages  for  sugar  of  the  blood  and  urine  obtained 

TABLE  I. 

Hyperglycemia  and  Glycosuria  Reatdling  from  Injections  of  Epinephrine. 

O.S  Mg,  per  Kilo, 


Date. 


June  13 
"  13 
"  16 
"      16 


29 
36 
50 
38 


E 


gm. 

2,100 
1,560 
1,920 
1,940 


Averages. 
(Underbill) 


Blood  BUfar  content  (in  percentages). 


I 


0.113 
0.113 
0.132 
0.114 


0  118 

0  13 


Hrs.  after  injection  of  epinephrine. 


0.223 
0.294 
0.304 
0.302 


0  281 

0.36 


0.19 
0.30 
0.30 
0.256 


0  261 

0.430 


0.16 
0.285 
0.273 
0.194 


0  228 

0.46 


0.131 
0.232 
0.187 
0.156 


0.176 


0.115 
0.205 
0.128 
0.116 


0.141 

0.37 


0.099 
0.144 
0.118 
0.109 


0  117 

0.32 


0.10 
0.117 
0.106 
0.114 


0  109 

0.19* 


Urine. 


6 

"o 

> 


ee. 

80 
175 
225 
175 


QQ 


a 

9 

*» 
c 

8 


0.480 
1.855 
2.358 
0.342 


1 

1.49 


*  After  7}  hours. 


by  Underbill  with  a  dose  of  1  mg.  of  epinephrine  per  kilo  are 
included  for  comparison.  It  is  evident  that  the  hyperglycemia 
incident  to  injections  of  the  larger  dose  of  epinephrine  is  con- 
siderably greater  and  of  longer  duration  than  that  which  follows 
the  administration  of  0.3  mg.  of  epinephrine  per  kilo.  Also,  the 
maximimi  blood  sugar  content  is  reached  sooner  in  the  latter 
instance,  the  normal  being  regained  in  about  6  hoxu-s,  or  less. 
The  average  output  of  sugar  in  the  lu'ine  is,  however,  only  about 
15  per  cent  less  with  the  small  dose  of  epinephrine  than  with 
injections  more  than  three  times  as  large. 

The  injection  of  approximately  0.5  gm.  of  sodium  carbonate 
in  0.5  per  cent  solution  |  hour  previous  to  the  administration  of 
epinephrine  brings  about  a  considerable  diminution  in  the  hyper- 
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TABLE  II. 
The  Influence  of  the  Intrtwenotu  Injection  of  Sodium  Carbonate  {0,6  per  Cent) 
upon  Epinephrine  Hyperglycemia  ami  Glycosuria, 


• 

Date. 

JS 
M 

• 

t 

ji 

>k 

M 

£ 

1 

fffli. 

June  19 

40 

2,560 

"     19 

2Q 

1,540 

"     22 

44 

2,120 

«     22 

49 

1,620 

"     26 

45 

2,560 

"     26 

53 

2,640 

"     28 

38 

1,800 

"     28 

50 

1,800 

SI 

Us 

> 


Blood  sugar  content  (in  percentages). 


o 

2: 


ee.      I 

120  0 
100  0. 
125  0. 
100  0. 


125 
125 
110 


0 
0 
0 


110  0 


10 

115 

111 

117 

111 

115 

106 

111 


Averages lO.lll 


Hrs.  after  injection  of 


Bo 


I 


i 


0 
0 
0 
0 
0 
0 
0 
0 


112 
109 
131 
074 
093 
121 
096 
108 


0.105 


Epinephrine. 


0.323 
0.257 
0.297 
0.255 
0.167 
0.216 
0.224 
0.206 


0.248 


0 

0. 

0 

0 

0. 

0 

0 

0 


237 
251 
350 
172 
168 
254 
217 
210 


0.282 


0. 

0. 

0. 

0 

0. 

0 

0 

0 


153 

16 

344 

155 

128 

247 

185 

201 


0.197 


127 
149 
295 
132 
117 
172 
146 
176 


0.184 


0 
0 
0 
0 
0 
0 
0 
0 


112 
141 
289 
134 
108 
141 
129 
167 


0.163 


6 


0.095 
0.127 
0.228 
0.104 
0.093 
0.119 
0.108 
0.124 


0.124 


Urine. 


o 
> 


ec. 

285 
200 
245 
250 
275 
220 
215 
230 


a 
S 

§ 
I 

00 


0.464 
0.524 
2.773 
0.147 
0.000 
0.000 
0.000 
0.156 


0.609 


• 

• 

OJS 

1 

1 

/ 

N, 

• 

.' 

•  • 

-.. 

V 

\ 

k 

1 

% 

% 

\ 
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Fig.  1.  Curves  showing  the  blood  sugar  level  after  subcutaneous 
injections  of  epinephrine  and  the  influence  of  the  intravenous  administra- 
tion of  sodium  carbonate  upon  the  hyperglycemia  induced  (average  figures). 

Curve  1.    Epinephrine  only. 

Curve  2.    Epinephrine  and  sodium  carbonate. 
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glycemia  caused  by  epinephrine  (see  Table  II),  although  the 
reduction  is  proportionately  less  than  that  obtained  by  Under- 
bill following  the  larger  dose  of  epinephrine  and,  in  some  instances, 
larger  injections  of  sodium  carbonate.  Accompanying  the 
diminished  hyperglycemia  is  a  noticeable  reduction  in  the  output 
of  sugar  in  the  urine. 

CONCLUSIONS. 

The  present  experiments  confirm  the  statement  of  Underbill: 
"The  hyperglycemia  and  glycosuria  provoked  by  epinephrine  are 
both  significantly  decreased  if  sodium  carbonate  is  administered 
at  suitable  periods  of  time  previous  to  epinephrine  introduction." 

Intravenous  injection  of  sodixun  carbonate  modifies  signifi- 
cantly the  influence  of  the  minimum  effective  dose  of  epinephrine, 
but  does  not  prevent  the  occurrence  of  hyperglycemia  and  glyco- 
suria. In  fact,  it  appears  that,  with  the  smaller  dose  of  epineph- 
rine, hyperglycemia  and  glycosuria  are  diminished  relatively  leas 
by  sodimn  carbonate  than  when  larger  doses  of  epinephrine  are 
administered. 

BIBLIOGRAPHY. 
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xvm.  THE  rblahon  of  diet  to  the  glycogen  content 

OF  THE  LIVER. 

By  LOUISE  McDANELL  and  FRANK  P.  UNDERHILL. 

(Prom  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  Un^'v  rsity. 

New  Haven,) 

(Received  for  publication,  January  18,  1917.) 

It  has  been  accepted  for  a  long  time  that  glycosuria  accompanies  par- 
tial asphyxiation.  Alvaro  Re3moso  (see  Dastre)  appear^  to  have  been 
the  first  to  notice  this,  but  he  made  no  further  accurate  observations  on 
the  subject.  Claude  Bernard  confirmed  this  observation  and  found  also 
that  prolonged  asphyToa  caused  the  disappearance  of  glycogen  from  the 
liver.  This  work  of  Bernard  was  extended  by  Dastre,  who  noted  that 
the  percentage  of  reducing  substance  in  the  blood  rose  from  0.128  per  cent 
when  a  dog  was  breathing  air,  to  0.253  per  cent  when  breathing  was  con- 
tinued for  some  time  in  a  confined  space.  The  hyperglycemia  was  ascribed 
to  lack  of  oxygen  in  the  blood.  Araki  in  1801  reported  that  glycosuria 
was  caused  in  dogs,  rabbits,  and  chickens  by  insufficient  oxygen  supply, 
although  no  analyses  of  the  air  breathed  or  of  the  blood  gases  were  given. 

This  idea  seems  to  have  represented  the  predominant  view  of  observers 
until  Edie,  as  the  result  of  experiments  in  which  the  composition  of  the 
air  breathed  was  determined,  reached  the  conclusion  that  the  glycosuria 
occurring  after  partial  asph3rxiation  is  due  to  excess  of  carbon  dioxide, 
rather  than  to  lack  of  oxygen.  He  found  that  a  low  percentage  of  oxygen 
alone-4es8  than  6  per  cent — did  not  produce  glycosuria,  while  it  resulted 
from  breathing  air  containing  10  to  15  per  cent  by  volume  of  carbon  dioxide, 
even  if  the  percentage  of  oxygen  was  greater  than  that  normally  present 
in  the  atmosphere.  Edie  placed  carbon  dioxide  in  the  class  with  anes- 
thetics, all  of  which  cause  glycosuria. 

This  work  was  confirmed  and  extended  by  Edie,  Moore,  and  Roaf. 
They  concluded  that  the  glycosuria  attributed  by  Araki  to  low  oxygen 
supply  was  actually  due  to  accumulation  of  carbon  dioxide.  Araki's 
method  of  freeing  the  air  from  carbon  dioxide — ^bubbling  it  through  strong 
caustic  potash — they  found,  by  gas  analsrsis,  to  be  totally  inadequate 
for  the  purpose. 

In  agreement  with  these  findings  of  Edie  and  his  coworkers  is  the  con- 
clusion of  Macleod,  that  the  property  of  asphyxial  blood  which  stimulates 
hepatic  glycogenol3rsis  in  the  intact  animal  is  the  excess  of  carbon  dioxide, 
and  not  the  deficiency  of  oxygen  which  it  contains. 

256 
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On  the  other  hand,  that  certain  types  of  glycosuria  are  accompanied 
by  a  marked  acapnia,  rather  than  by  an  excess  of  carbon  dioxide,  was 
shown  by  Henderson  and  Underbill.  They  made  analyses  of  the  blood 
gases  followihg  peptone  injection,  piqiire,  removal  of  the  pancreas,  painting 
of  the  pancreas  with  piperidine,  laparotomy,  and  excessive  arCifici&l 
respiration.  In  all  of  these  conditions  they  found  acapnia.  By  supplying 
carbon  dioxide,  these  investigators  were  able,  in  some  instances,  to  prevent 
disturbances  of  the  sugar-regulating  mechanism. 

Pavy  and  B3rwaters,  in  a  study  of  the  influence  of  environment  on  enzyme 
action,  demonstrated  that  with  invertin  (yeast)  and  diastase  (oyster)  the 
activity  of  the  enzyme  is  increased  by  the  addition  of  small  quantities  of 
acetic  acid  until  an  optimum  point  is  reached,  after  which  the  addition  of 
more  acid  leads  to  a  diminution  in  the  enzymic  power.  They  showed, 
further,  that  the  activity  given  by  acid  addition  is  susceptible  of  removal 
by  a  basic  substance, — ammonia,  sodium  carbonate,  and  even  Ihe  basic 
material  of  tap  water  exerting  an  inhibiting  influence,  which  the  subse- 
quent  addition  of  an  acid  is  capable  of  counteracting.  An  environment  of 
strong  acid  or  alkali  destroys  the  enzyme.  With  invertin,  it  was  observed 
that  carbon  dioxide  approximates  acetic  acid  in  its  effect  in  promoting 
enzyme  action,  and  with  oyster  diastase,  the  effect  is  similar  although 
much  reduced. 

In  the  case  of  higher  animals  these  investigators  found  that  the  enzymic 
power  of  the  liver,  post  mortem,  in  which  a  fully  activated  enz3rme  exists, 
is  usually  not  increased  by  addition  of  acid^  but  rather  is  diminished. 
They  determined,  too,  that  the  postmortem  production  of  sugar  in  the 
liver  may  be  virtually  checked  by  the  injection  of  a  2  per  cent  solution  of 
sodium  carbonate  into  the  portal  system  of  the  living  animal.  The  addi- 
tion of  increasing  quantities  of  acetic  acid  to  the  liver  thus  treated  brings 
about  an  augmentation  of  enzyme  activity  until  an  optimum  ia  reached, 
after  which  the  further  addition  of  acid  leads  to  a  decline  of  power.  The 
postmortem  production  of  acid  in  the  liver  is  similar  to  that  of  sugar,  of 
which,  according  to  these  authors,  it  may  be  the  precursor.  A  restraining 
influence  is  exerted  by  a  fluoride  upon  postmortem  acid  production  in  the 
liver  as  is  done  with  postmortem  sugar  formation. 

Later  an  attempt  was  made  by  Pavy  and  Godden  to  determine  if  the 
production  of  sugar  by  the  liver,  occurring  in  association  with  glycosuria, 
could  be  similarly  checked,  and  the  glycosuria  thus  removed,  by  the  in- 
jection of  sodium  carbonate  into  the  circulation.  Chloroform  glycosuria, 
being  dependent  upon  the  glycogen  supply  of  the  liver,  was  used  for  testing 
the  effect  of  the  sodium  carbonate.  A  cat  was  placed  under  the  influence 
of  chloroform,  and  urine  withdrawn  at  15  minute  intervals  by  means  of  a 
catheter.  After  glycosuria  had  been  thoroughly  established,  sodium 
carbonate,  in  3  per  cent  solution,  to  the  amount  of  0.75  gm.  per  kilo  of 
body  weight,  was  injected  into  the  femoral  vein.  This  brought  about  a 
speedy  reduction  in  the  previously  existing  glycosuria,  which  usually 
disappeared  within  15  to  30  minutes  after  the  completion  of  the  injection. 
When  normal  saline  or  Ringer's  solution  was  substituted  for  the  sodium 
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carbonate,  it  exerted  no  influence  upon  the  glycosuria.  They  found  fur- 
ther, that,  after  the  injection  of  the  sodium  carbonate  and  the  consequent 
reduction  of  the  glycosuria,  pinching  the  vagus  produced  no  effect,  showing 
that  the  nerve  stimulation  of  glycosuria  was,  like  the  chloroform  glycosiuiai 
held  in  check  by  the  agency  of  the  carbonate.  In  conclusion,  these  in* 
vestigators  say:  "Seeing  that  there  is  evidence  to  show  that  both  forms  of 
glycosuria  are  due  to  an  abnormal  enzymic  conversion  of  glycogen  into 
sugar  (attributable,  there  are  grounds  for  suggesting,  to  acidosis  develop-^ 
ment)  there  is  nothing  unconformable  with  what  may  be  reasonably  looked 
for." 

Macleod  and  Pearce  noted  that  after  death  in  an  etherized  animal, 
there  is  usually,  but  not  always,  an  acceleration  in  the  rate  of  glycogenolysis. 

As  far  back  as  1882,  Einhom,  working  in  Ehrlich's  laboratory  (see 
Ehrlich),  showed  that  while  winter  frogs  neither  lose  glycogen  from  their 
livers,  nor  form  new  glycogen,  when  immersed  in  plain  sugar  solution,  they 
do  lose  their  glycogen  if  the  sugar  solution  is  acidulated.  But  when  such 
frogs  were  placed  in  a  glueose-eodium-carbonate  solution,  a  formation  of 
new  glycogen  from  available  glucose,  without  the  occurrence  of  glyco- 
genol3rsis,  was  demonstrated. 

In  turtle  livers,  perfused  with  Ringer's  solution  containing  hydrochloric 
acid,  Elias  observed  a  considerable  loss  of  glycogen.  When  sodium  car- 
bonate was  added  to  the  Ringer's  solution,  he  noted  an  actual  glycogenesis. 
Elias  also  brought  about  a  loss  of  glycogen  from  the  livers  of  rabbits  by 
the  administration  of  0.25  n  hydrochloric  acid. 

As  the  result  of  a  limited  number  of  experiments,  Kramer,  Marker,  and 
Murlin  suggested  tentatively  that  the  glucose  retained  as  a  result  of  the 
administration  of  sodium  carbonate  to  a  depancreatized  dog  is  not  held 
back  as  glycogen. 

While  the  results  cited  indicate  that,  in  normal  animals  and 
in  those  with  certain  disturbances  of  the  sugar-regulating  mechan- 
ism, a  large  excess  of  alkali  contributes  to  the  formation  of  glycogen, 
and  acid  increases  the  activity  of  the  glycogenolytic  process, 
the  influence  of  an  acid-forming  or  base-forming  diet  upon  the 
glycogen  content  of  the  liver  seems  not  to  have  been  investigated. 
Experiments  conducted  for  this  purpose  are  described  in  the 
present  paper.  The  investigation  is  especially  pertinent  in  view 
of  the  results  reported  in  a  preceding  paper  ,^  where  there  were 
indications  that  the  character  of  the  diet  (its  acid-base-producing 
properties)  pla3rs  a  r61e  in  the  degree  of  glycosuria  induced  by 
epmephrine  administration. 

» McDanell,  L.,  and  Underbill,  F.  P.,  J,  Biol,  Chem.,  1917,  xxix,  245. 
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Series  I. 

Methods. — A  subcutaneous  injection  of  epinephrine  (Parke,  Davis 
and  Company,  adrenalin  chloride,  1 : 1,000),  1  mg.  per  kilo  of  body 
weight,  was  given  to  each  of  ten  full-grown  rabbits  for  the  purpose 
of  freeing  their  Uvers  of  the  excess  of  glycogen.  The  rabbits, 
in  two  groups  of  five  each,  were  placed  in  pens.  To  those  of 
Group  A  was  given  a  base-producing  diet  of  carrots,  about  a 
pound  daily  for  each  rabbit.  Group  B  received  an  ample  acid- 
producing  diet  of  oats  and  cracked  corn.  Water  was  always 
available.  One  rabbit  of  Group  B  died  4  dajrs  later  and  was  not 
replaced.    The  animals  were  kept  upon  the  designated  rations 

TABLE  I. 

The  Influence  of  Diet  upon  the  Glycogen  Content  of  the  Liver. 
Series  /,  Group  A,  July  11-17,  Carrot  Diet. 


Rabbit 


Weight 

July  11,  gm 

"     17,   "  

Weight  of  liver,  gm 

Glycogen. 

Glucose  X  0.927,  gm 

Per    cent    of   weight    of 

liver 

Per  kilo  of  body  weight, 
gm 


29 

34 

36 

38 

40 

2,240 

2,200 

52 

1,700 

1,700 

53 

1,540 

1,440 

42 

1,720 

1,720 

49 

2,520 

2,500 

82 

2.83 

3.65 

1.86 

2.08 

3.12 

5.44 

6.91 

4.43 

4.24 

3.81 

1.28 

2.15 

1.29 

1.21. 

1.25 

AvenfB- 


2.71 
4.87 
1.42 


for  6  days,  then  killed,  and  the  glycogen  in  the  Uvers  was  esti- 
mated according  to  Pfliiger's  method.*  After  hydrolysis  the 
glucose  was  determined  by  the  Allihn  procedure,  the  copper  being 
weighed  as  cupric  oxide. 

From  Table  I  it  may  be  seen  that,  of  the  rabbits  in  Group  A 
upon  the  carrot  diet,  two  maintained  their  weight,  while  one 
lost  20,  another  40,  and  another  100  gm.  However,  the  per- 
centage of  glycogen  in  the  livers  and  the  amoimt  of  glycogen 
per  kilo  of  body  weight  have  no  direct  relation  to  these  slight 
changes  in  weight.    It  is  evident  that  the  variation  in  amount  of 

»  PflOger,  E.,  Arch.  ges.  Physiol.,  1906,  cxiv,  242;  Abderhalden's  Handb. 
biochem.  Arbeitsmethoden,  1910,  ii,  162. 
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glycogen  per  kilo  of  body  weight,  with  the  exception  of  Rabbit 
34,  is  sUght. 

Table  II  shows  that  the  rabbits  of  Group  B,  upon  an  unUmited 
grain  diet,  all  lost  weight,  from  20  to  300  gm.;  and  that,  with  the 
exception  of  Rabbit  53,  the  percentage  of  glycogen  in  the  Uvers, 
as  well  as  the  amount  per  kilo  of  body  weight,  was  less  than  that 
of  the  rabbits  of  Group  A,  upon  the  carrot  diet.  However,  the 
fact  that  Rabbit  53  stored  a  much  greater  proportion  of  glycogen 
than  did  any  of  the  rabbits  of  Group  A  indicated  that  there  were 
undoubtedly  other  factors  than  the  character  of  the  diet  to  be 
considered.  Since  this  rabbit  had  practic^y  maintained  its 
weight,  while  the  others  had  lost  considerably,  it  seemed  possible 

TABLE  n. 

The  Influence  of  Diet  upon  the  Glycogen  Content  of  the  Liver, 

Series  I,  Group  B,  July  11-17,  Grain  Diet, 


Rabbit. 


Weight. 

July  11,  gm 

"     17,   "    

Weight  of  liver,  gm 

Glycogen. 

Glucose  X  0.927,  gm 

Per  cent  of  weight  of  liver. . . 

Per  kilo  of  body  weight,  gm 


45 

50 

51 

53 

2,480 

1,740 

1,860 

2,500 

2,300 

1,440 

1,780 

2,480 

60 

46 

47 

70.5 

0.697 

1.055 

1.693 

6.956 

1.16 

2.29 

3.6 

9.87 

0.303 

0.733 

0.951 

2.805 

Average. 


2.6 

4.65 

1.3 


that  they  had  failed  to  store  glycogen  becaiise  of  an  insufficient 
intake  of  food,  as  it  is  our  experience  that  many  rabbits  do  not 
relish  a  diet  of  grain  only. 

While  these  results  apparently  indicated  a  better  storage  of 
glycogen  upon  a  base-forming  than  upon  an  acid-forming  diet, 
further  experiments  were  planned  in  which  the  amount  of  food 
consumed  by  each  rabbit  should  be  known. 


iSeries  JJ. 

Methods. — The  rabbits  of  Series  II  were  kept  in  separate  metab- 
olism cages  for  1  week.  After  the  preliminary  injection  of  epi- 
nephrine, those  of  Group  A  were  given  500  gm.  of  carrots  a  day; 
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those  of  Group  B,  100  gm.  of  oats  (instead  of  corn  and  oats).  One 
rabbit  of  Group  A  died  on  the  3rd  day.  The  food  value  of  the 
diets  was  estimated  from  the  percentage  composition  of  carrots 
given  by  Sherman  ,••  and  of  oats,  by  Henry  and  Morrison.* 

TABLE  in. 
The  Influence  of  Diet  upon  the  Glycogen  Content  of  the  Liver. 
Series  II,  Group  A,  October  2S-S0,  Carrot  Diet, 


Rabbit. 


Weight. 

October  23,  gm 

30,     " 

Food  eaten. 

October  24,  gm 

"       26,    "  

"       26,    "   

"       27,    "   

"       28,    "  

"        29,    "' 

"       30,    "  

Total,  gm 

Carbohydrate,  gm 

Per  kilo,  gm 

Calories 

Per  kilo 

Weight  of  liver,  gm 

Glycogen. 

Glucose  X  0.927,  gm 

Per  cent  of  weight  of  liver 

Per  kilo  of  body  weight,  gm 

Per  100  gm.  carbohydrate,  gm.. 
Per  1,000  calories,  gm 


73 

7ft 

77 

2,520 

1,920 

1,900 

2,740 

1,920 

1,920 

98 

500 

480 

327 

500 

467 

500 

500 

380 

500 

500 

500 

500 

500 

500 

500 

500 

500 

470 

500 

366 

2,895 

3,500 

3,193 

214 

259 

236 

78.09 

134.9 

122.9 

1,038 

1,256 

1,145 

378.7 

654.2 

596.4 

81.8 

70.7 

69.8 

7.1 

5.16 

4.94 

8.67 

7.3 

7.08 

2.59 

2.69 

2.67 

3.24 

1.99 

2.09 

6.84 

4.11 

4.31 

Krtntst- 


111.96 


543.1 


5.73 
7.68 
2.62 
2.44 
5.09 


Table  III  shows  that  in  Series  II  none  of  the  rabbits  of  Group  A 
upon  the  carrot  diet  lost  weight,  one  of  them  (Rabbit  73)  gainijig 
220  gm.;  and  that  they  all  stored  more  glycogen,  absolutely  and 
relatively,  than  the  carrot-fed  rabbits  of  Series  I  (see  Table  I). 


•  Sherman,  H.  C,  The  Chemistry  of  Food  and  Nutrition,  New  York, 
1911,  323. 

*  Henry,  W.  A.,  and  Morrison,  F.  B.,  Feeds  and  Feeding,  New  York, 
1915,  634. 


L.  McDanell  and  F.  P.  Underbill 


261 


That  great  variation  was  manifest  in  Group  B  of  Series  II,  as 
of  Series  I,  is  indicated  in  Table  IV.  Two  of  the  rabbits  gained 
weight  (Rabbits  68  and  71,  20  and  100  gm.  respectively),  while 

TABLE  IV. 

The  Influence  of  Diet  upon  the  Glycogen  Content  of  the  Liver. 
Series  II,  Group  B,  October  BSSO,  Oat  Diet, 


Rabbit. 

68 

69 

70 

71 

72 

75 

Avexmie. 

Weight. 

October  23,  gm.. 

2,360 

2,520 

2,760 

1,720 

2,580 

2,600 

"       30,  "  .. 

2,380 

2,460 

2,560 

1,820 

2,500 

2,440 

Food  eaten. 

October  24,  gm.. 

29 

10 

39 

36 

25 

7 

"       25,  "  .. 

85 

22 

17 

83 

94 

70 

"       26,  "  .. 

95 

42 

65 

90 

98 

75 

"       27,  "  .. 

95 

68 

91 

78 

98 

93 

"       28,  '*  .. 

50 

66 

72 

43 

98 

90 

"       29,  "  .. 

95 

65 

80 

100 

100 

50 

"       30,  "  .. 

88 

67 

49 

65 

92 

19 

Total,  gm 

537 

340 

413 

495 

605 

404 

Carbohydrate, 

gm 

320 

203 

246 

.295 

361 

241 

Per  kilo,  gm. 

134.5 

82.52 

96.1 

162.1 

144.4 

98.77 

119.73 

Calories 

1,805 

1,144 

1,318 

1,664 

2,035 

1,359 

Per  kilo 

758.4 

465 

514.8 

914.3 

814.1 

556.9 

670.6 

Weight    of    liver, 

flfn 

79.5 

67.5 

75.6 

65.1 

102.9 

68.4 

Glycogen. 

Glucose  X  0.927, 

nn 

8.68 

4.43 

3.05 

5.97 

11.61 

0.92 

5.78 

Per      cent      of 

weight          of 

liver 

10.91 

6.56 

4.04 

9.18 

11.29 

1.34 

7.22 

Per  kilo  of  body 

weight,  gm... . 

3.65 

1.8 

1.19 

3.28 

4.64 

0.38 

2.49 

Per  100  gm.  car- 

bohydrate, gm. 

2.71 

2.18 

1.24 

2.03 

3.22 

0.38 

1.96 

Per   1,000   calo- 

ries, gm 

4.81 

3.87 

2.31 

3.59 

5.7 

0.68 

3.49 

the  other  four  lost,  the  amount  varying  from  60  to  200  gm.  Rabbits 
68  and  72  stored  more  glycogen,  and  Rabbits  68,  71,  and  72  each 
showed  a  greater  percentage  of  glycogen  in  the  liver,  as  well  as  a 
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larger  amount  of  glycogen  per  kilo  of  body  weight,  than  did  any 
of  the  carrot-fed  rabbits.  Much  less  glycogen  was  stored  by  the 
other  three  rabbits  of  this  group  than  by  those  of  Group  A. 
When  averages  are  considered,  it  may  be  seen  that  the  proportion- 
of  glycogen  in  the  Uver  and  the  amount  per  kilo  of  body  weight 
were  slightly  greater  with  the  carrot-fed  than  with  the  oat-fed 
animals,  irrespective  of  the  food  intake. 

The  importance^,  of  the  quantity  of  food  ingested  is,  however, 
demonstrated  by  fche  results  in  Series  II.  Rabbits  68,  71,  and 
72  (Table  IV),  which  stored  the  greatest  proportion  of  glycogen, 
received  by  far  the  largest  number  of  calories  per  kilo.  Rabbit 
75,  which  stored  the  least  glycogen,  ate  less  during  the  last  2 
days  than  any  of  the  others,  although  its  total  food  intake  was 
not  the  lowest. 

It  is  equally  evident  from  a  study  of  Tables  III  and  IV  that 
the  quantity  of  food  consiuned  is  not  the  sole  determinant  of  the 
glycogen  storage.  Of  the  six  rabbits  in  Group  B,  oat-fed  (Table 
IV),  four  (Rabbits  69,  70,  71,  75)  stored  less  glycogen  per  1,000 
calories  of  food  eaten  than  any  of  the  rabbits  of  Group  A,  carrot- 
fed  (Table  III),  only  one  of  Group  B  (Rabbit  72)  manifesting 
greater  abiUty  in  this  respect  than  the  average  of  Group  A. 
This  oat-fed  rabbit  (No.  72),  which  stored  11.6  gm.  of  glycogen, 
received  more  than  twice  as  many  calories  per  kilo  as  Rabbit  73, 
carrot-fed,  which  stored  7.1  gm.  of  glycogen.  In  fact,  the  7.1  gm. 
of  glycogen  were  stored  by  Rabbit  73,  upon  a  base-forming  diet, 
with  an  intake  of  378.7  calories  per  kilo.  The  lowest  fuel  value 
of  the  diet  of  any  of  the  oat-fed  rabbits  was  465  calories  per  kilo 
(Rabbit  69).  Although  the  average  fuel  value  of  the  acid-form- 
ing diet  of  the  rabbits  of  Group  B  (670.6  calories)  was  more  than 
20  per  cent  greater  than  that  of  the  base-forming  diet  of  Group  A 
(543.1  calories),  the  average  amoimt  of  glycogen  stored  per  1,000 
calories  was  30  per  cent  less  in  the  former  instance  than  in  the 
latter.  With  respect  to  the  eflSciency  of  the  carbohydrate  in 
the  two  diets,  the  differences,  although  less,  point  in  the  same 
direction.  With  an  average  intake  of  carbohydrate  per  kilo 
slightly  greater,  the  rabbits  upon  an  acid-forming  diet  (Group  B) 
stored  about  20  per  cent  less  glycogen  per  100  gm.  of  carbohydrate 
received  than  those  upon  the  base-producing  diet  (Group  A). 
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CONCLUSIONS. 

The  results  obtained  indicate  that  in  normal  rabbits  a  base- 
foiming  diet  is  somewhat  more  efficient  in  the  formation  of 
glycogen  than  an  acid-producing  diet.  This  is  in  agreement 
with  the  results  of  previous  investigators,  who  have  found  that 
an  Qxcess  of  alkaU  contributes  to  the  accxmiulation  of  glycogen. 
Notwithstanding  this  fact,  it  has  also  been  demonstrated  that 
a  large  storage  of  glycogen  may  take  place  u  ^on  an  acid-forming 
diet  when  sufficient  food  is  ingested. 
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STUDIES  IN  CARBOHYDRATE  METABOLISM. 
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SODIUM  CARBONATE  UPON  THE  HYPERGLYCEMIA  AND 

GLYCOSURIA  FOLLOWING  THE  SUBCUTANEOUS 

ADMINISTRATION  OF  GLUCOSE. 

By  LOUISE  McDANELL  and  FRANK  P.  UNDERHILL. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  Un  vers  ty, 

New  Haven,) 

(Received  for  publication,  January  18,  1917.) 

In  the  normal  organism  of  the  rabbit,  the  blood-sugar-regulat- 
ing  mechanism  is  usually  imdisturbed  by  injections  of  alkali  or 
by  the  ingestion  of  an  acid-  or  base-producing  diet.  On  the  other 
hand,  there  is  evidence  that  the  glycogenetic  function  of  the  body 
is  more  favorably  influenced  by  a  base-forming  diet  than  it  is  by 
a  dietary  yielding  an  acid  ash.*  Under  conditions  where  the 
sugar-regulating  mechanism  is  thrown  out  of  equiUbrium,  as  by 
epinephrine  administration,  the  introduction  of  alkaU  exerts  a 
distinct  influence  upon  carbohydrate  metabolism,  as  evidenced 
by  the  diminished  output  of  sugar  in  the  urine.  In  general, 
it  would  appear  that  alkaU  has  a  distinct  tendency  to  conserve 
the  carbohydrate  of  the  body,  and  in  this  action  the  glycogenetic 
and  glycogenoljrtic  processes  are  probably  actively  concerned. 

If  the  alkaU  shows  a  distinctly  favorable  influence  upon  glyco- 
gen storage,  it  would  appear  reasonable  to  assume  that  the 
simultaneous  introduction  of  alkaU  and  glucose  should  yield  less 
urinary  sugar  than  glucose  alone.  The  present  conmiunication 
gives  the  results  of  an  endeavor  to  determine  this  question,  the 
problem  being  investigated  with  respect  to  the  content  of  blood 
sugar,  and  the  urinary  sugar  excretion. 

» McDanell,  L.,  and  Underbill,  F.  P.,  /.  BioL  Chem,,  1917,  xxix,  255. 
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Methods. 

Healthy,  full-grown  rabbits,  upon  a  mixed  diet,  were  emplojred 
for  these  experiments.  During  the  first  part  of  the  work,  Merck's 
purified  dextrose  was  used,  with  the  exception  of  three  injections 
of  commercial  glucose.  Afterward  Kahlbaiim's  pure  dextrose 
was  administered.  Kahlbaxmi's  anhydrous  sodium  carbonate 
and  sodixmi  chloride  were  employed.  After  a  sample  of  blood 
was  obtained  for  the  determination  of  the  normal  sugar  content, 
the  rabbit  received  a  subcutaneous  injection  of  glucose,  about 
5  gm.  per  kilo  of  body  weight,  in  30  per  cent  solution.  The  blood 
sugar  content  was  determined  by  the  Lewis-Benedict  method 
at  the  end  of  §  hom*  and  1  hour,  and  each  subsequent  hour  until 
the  5th.  When  sodiimi  carbonate  was  given,  an  infusion  of 
approximately  0.5  gm.,  in  0.5  per  cent  solution,  was  made  into 
the  ear  vein  15  minutes  after  the  glucose  injection.  In  sub- 
stituting sodium  chloride  for  the  carbonate,  a  0.364  per  cent 
solution  was  employed,  that  being  isotonic  with  the  0.5  per  cent 
sodiiun  carbonate.*  To  some  animals  three  or  four  injections 
were  given.  Sugar  was  injected  at  intervals  of  not  less  than  1 
week.  The  animals  were  kept  in  metaboUsm  cages  and  the 
urine  was  collected  for  24  hours  after  each  injection.  Urinary 
sugar  was  estimated  according  to  the  AlUhn  procedmre. 

The  Hyperglycemia  and  Glycosuria  Following  the  SubciUaneous 

Administration  of  Glucose. 

According  to  Allen,  the  rabbit  possesses  a  greater  assimilation 
limit  for  glucose  than  the  dog.  This  assertion  is  based  upon  the 
work  of  various  investigators,  particularly  Heilner  and  Fichten- 
mayer.  A  perusal  of  the  Uteratm-e  emphasizes,  however,  that 
there  is  a  diversity  of  opinion  concerning  the  assimilation  limit 
of  the  rabbit  for  subcutaneously  injected  glucose.  Thus,  Fnigoni 
and  Stradiotti  place  the  threshold  dose  for  the  rabbit  at  2.35  gm. 
per  kilo,  as  compared  with  3  gm.  per  kilo  for  the  guinea  pig. 
Allen  designates  these  results  atypical.  Sttssenguth  injected  5 
to  10  gm.  of  glucose  per  kilo,  and  observed  glycosuria  with  the 

*  Jones,  H.  C,  Z.  physik.  Chem.,  1893,  xi,  113;  1893,  xii,  636.    Abegg,  R.. 
Handb.  anorgan.  Chem.,  Leipsic,  1905,  ii,  pt.  i,  228,  302. 
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larger  doses.  Marrassini  reported  glycosuria  usually  after 
doses  of  approxiinately  10  gm.  of  glucose  per  kilo.  Heilner, 
with  doses  of  12  to  13  gm.  of  glucose  per  kilo,  observed  slight 
glycosuria  in  some  instances,  and  none  in  others.  One  rabbit 
showed  neither  glucose  nor  albmnin  in  the  urine  after  a  subcutane- 
ous dose  of  49.8  gm.  of  glucose.  Fichtenmayer  reported  no  glyco- 
suria in  rabbits,  some  of  them  fasting,  with  injections  of  glucose 
in  amoimts  varying  from  10  to  23  gm.  per  kilo.    Allen  observed 

TABLE  I. 
The  Hyperglycemia  and  Glycosuria  Resulting  from  the  Subcutaneous  Injection 

of  a  SO  per  Cent  Solution  of  Glucose, 

First  Injections. 


Ral>- 
bit. 

Weight. 

Volume 
of  glu- 
cose so- 
lution 

in- 
jected. 

Blood  sugar  content  (in  percentages). 

Urine. 

Date. 

Nor- 
mal. 

Hrs.  after  injection  of  glucose. 

Vol- 
ume 

Sugar 
con- 

i 

1 

2 

8 

4 

5 

tent. 

July  11.. 
"      11.. 
"      13.. 
"      13.. 

"     18.* 

"  18.. 
Sept.  29. . 

"  29.. 
Oct.    2.. 

"       2.. 

"       6.. 

54 
55 
57 
58 
59 
60 
61 
62 
63 
64 
67 

fftn. 

2,620 
3,040 
2,460 
2,720 
2,460 
1,880 
2,960 
2,260 
1,880 
2,060 
1,840 

ce. 

44* 

50.6* 

41* 

44* 

41* 

31.3* 

44. 4t 

34t 

28t 

32. 5t 

27. 6t 

0.134 

0.107 

0.105 

0.116 

0.091 

0.13 

0.12 

0.126 

0.131 

0.12 

0.114 

0.273 
0.215 
0.226 
0.217 
0.256 
0.227 
0.325 
0.274 
0.268 
0.238 
0.202 

0.315 

0.205 

0.239 

0.235 

0.282 

0.237 

0.343 

0.32 

0.246 

0.24 

0.20 

0.287 

0.16& 

0.258 

0.238 

0.271 

0.188 

0.24 

0.287 

0.202 

0.173 

0.17 

0.287 

0.186 

0.226 

0.20 

0.229 

0.157 

0.179 

0.255 

0.189 

0.114 

0.156 

0.21 

0.153 

0.183 

0.175 

0.177 

0.137 

0.155 

0.207 

0.148 

0.131 

0.15 

0.18 

0.155 

0.145 

0.171 

0.146 

0.138 

0.145 

0.199 

0.142 

0.136 

0.137 

ce. 

70 
43 
120 
76 
45 
23 
75 
65 
49 
46 
28 

gm. 

0.86 

0.39 

0.516 

0.481 

0.317 

0.271 

0.297 

0.248 

0.035 

0.037 

0.081 

Average 

8 

0.1176 

0.247 

0.262 

0.226 

0  198 

0  166 

0  164 

0  321 

*  Dextrose,  Merck. 
t  Dextrose,  Kahlbaum. 

glycosuria  in  one  rabbit  with  a  dose  of  5  gm.  per  kilo,  while  others 
failed  to  develop  glycosuria  with  doses  as  large  as-  7.7  gm.  per 
kilo. 

It  is  apparent  from  these  diverse  results  that  renewed  investiga- 
tion was  essential  for  the  determination  of  the  assimilation  limit 
for  subcutaneously  introduced  glucose  in  the  rabbit.  It  was 
also  important  to  discover  the  influence  upon  the  assimilation 
limit  of  repeated  injections  of  sugar. 
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Our  experiments  have  been  conducted  with  doses  of  glucose 
approximating  5  gm.  per  kilo  of  body  weight.  The  results  may 
be  seen  in  Tables  I  and  II.  Table  I  includes  first  injections,  and 
Table  II,  second,  third,  and  fourth  injections.  While  wide 
variations  are  manifest  in  the  assimilation  limit  of  different 
animals,  and  of  the  same  animal  at  different  times,  in  only  one 
instance  did  a  dose  of  4  to  5  gm.  of  glucose  per  kilo  fail  to  produce 

TABLE  II. 

The  Hyperglycemia  and  Olycosuria  Resulting  from  the  SubctUaneotu  Injection 

of  a  SO  per  Cent  SoliUion  of  Olucose, 

Secondf  Thirds  and  Fourth  Injections, 


Date. 


July  31 . 

"     31. 
Oct.  20. 

"      9. 

"     16. 

"     11. 

"     25. 

"     11. 

"     25. 

"     13. 

"     20. 


• 

1 

Weight. 

No.  of  injeo- 
tion. 

Qtn. 

65 

2,520 

4 

57 

2,180 

4 

61 

2,340 

4- 

64 

2,020 

2 

64 

1,840 

3 

65 

1,900 

2 

65 

1,900 

4 

66 

1,640 

2 

66 

1,760 

4 

67 

1,740 

2 

67 

1,860 

3 

Volume 
of  glu- 
cose BO-  ' 


Blood  Augar  content  (in  percentages). 


jected.  i  "^• 


ee. 


50.5*0.13 
41*  0.128 
44.4tb.l02 
32.5t0.148 
32.5t0.119 
27t  <).124 
27t  0.125 
25. 2t  0.14 
25.2t0.144 
27. 6t  0.139 
27. 6t 0.126 


Average 0 .  129 


*  Commercial  glucose, 
t  Dextrose,  Kahlbaum. 


Hra.  after  injection  of  glucose. 


0.361 

0.317 

0.231 

0.391 

0.244 

0.215 

0.198 

0.323 

0.281 

0.21 

0.245 


0.274 


0.408 

0.353 

0.24 

0.405 

0.28 

0.204 

0.227 

0.346 

0.292 

0.189 

0.24 


0.289 


0.408 

0.37 

0.192 

0.312 

0.238 

0.141 

0.20 

0.353 

0.304 

0.156 

0.199 


0.392 

0.357 

0.178 

0.221 

0.266 

0.15 

0.15 

0.255 

0.26 

0.159 

0.149 


0.378 

0.275 

0.181 

0.156 

0.272 

0.13 

0.119 

0.156 

0.160 

0.15 

0.138 


0.2610.281 


0.192 


Urine. 


o 
> 


63 


0.352 

0.208 

0.216 

0.164  450.296 

0.28^ 

0.122  720.180 

0. 1121100.000 

0.134  540.316 

0.1221460.147 


Sugar 

000- 

tent. 
9m. 

4.334 
650.796 


0.16 
0.1341 


0.182 


350.035 
840.115 


0.691 


glycosuria  (Rabbit  65,  fourth  injection,  Table  II).  As  indicated 
by  the  glycemia,  the  tolerance  of  this  animal  was  above  the 
average.  According  to  Underbill  and  Closson,  Underbill  and 
Hilditch,  and  Allen,  5  gm.  of  glucose  per  kilo  never  produce 
glycosuria  (barring  accidental  traces)  in  any  normal  dog.  Hence 
the  results  here  obtained  assign  to  the  rabbit  a  lower  assimilation 
Umit  for  subcutaneously  administered  glucose  than  is  ordinarily 
accepted  for  the  dog. 
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In  general,  after  subcutaneous  administration  of  glucose,  the 
blood  sugar  level  rises  rapidly  during  the  first  half  hour,  and  more 
slowly  during  the  second  half  hour.  A  maximum  is  reached 
1  hour  after  the  administration  of  glucose,  and  thereafter  is  a 
gradual  decline  to  normal. 


Fig.  1.  Curves  showing  the  blood  sugar  level  after  subcutaneous 
injections  of  glucose,  and  the  influence  of  the  intravenous  administration 
of  sodium  carbonate  and  sodium  chloride  upon  the  hyperglycemia  induced 
(average  figures). 

Curve  1.    Glucose  only  (first  injections). 

2.  *'  *'    (second,  third,  and  fourth  injections). 

3.  "       and  sodiiun  carbonate. 

4.  "  "       "       chloride. 


i< 


« 


M 


Allen  foimd  no  diminution  in  the  power  of  cats  and  dogs  to 
utilize  subcutaneously  injected  glucose,  as  the  result  of  repeated 
injections.  In  our  experiments  with  rabbits,  the  average  maxi- 
mum hyperglycemia  incident  to  first  injections  is  just  a  Uttle 
lower  than  from  subsequent  injections,  and  the  average  output 
of  sugar  in  the  urine  from  first  injections  is  somewhat  smaller 
than  that  obtained  from  the  later  injections.    In  Fig.  1  may  be 
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seen  the  striking  parallelism  between  the  average  ciirve  of  blood 
sugar  content  obtained  from  the  initial  sugar  injection  (Curve  1), 
and  that  yielded  by  repeated  sugar  administration  (Curve  2). 
The  data  presented  indicate  that  with  rabbits,  in  general,  rep- 
etition of  subcutaneous  injections  of  glucose,  imder  the  experi- 
mental conditions,  is  also  without  significant  influence  upon  the 
assimilation  limit  of  sugar. 

The  Infliience  of  the  Intravenous  Injection  of  Sodium  Carbonate 

upon  the  Hyperglycemia  and  Glycosuria  Following  the 

Subcutaneous  Administration  of  Glucose. 

Before  drawing  conclusions  concerning  the  influence  of  sodiiun 
carbonate  upon  the  assimilation  limit  of  glucose,  it  was  deemed 
desirable  to  ascertain  the  effect  of  some  other  solution  with  the 
same  osmotic  pressure,  but  without  the  presence  of  alkaU.  For 
this  purpose  the  0.364  per  cent  solution  of  sodiiun  chloride  was 
emplo3red.  It  is  evident  from  Table  IV  and  Fig.  1  (Curve  4) 
that  the  sodium  chloride  solution  is  without  appreciable  influence 
upon  the  assimilation  limit  of  glucose  in  the  rabbit,  \mder  the 
experimental  conditions  selected. 

When  glucose  is  administered  subcutaneously  and  sodium 
carbonate  is  injected  into  the  blood  stream  shortly  afterward, 
the  resulting  hyperglycemia  shows  marked  variations  with 
different  animals  (see  Table  III).  If,  however,  an  average  of 
these  figiu^s  is  taken,  the  resulting  curve  Which  may  be  formed 
(Fig.  1,  Curve  3)  is  similar  to  that  yielded  by  the  average  figures 
for  the  injection  of  glucose  alone  (Curves  1  and  2,  Fig.  1).  The 
maximum  is  almost  identical  with  that  for  repeated  injections  of 
glucose  only,  but  is  reached  in  J  hour  rather  than  in  1  hour.  The 
administration  of  sodium  carbonate  has  no  significant  influence 
upon  the  glycosuria  induced  by  the  subcutaneous  injection  of 
glucose. 

CONCLUSIONS. 

The  tolerance  of  the  rabbit  for  subcutaneously  injected  glucose 
is  somewhat  below  the  value  generally  accepted  for  the  dog. 

When  glucose  is  repeatedly  administered,  at  intervals  of  1 
week,  the  assimilation  limit  of  rabbits  is  not  influenced  appreciably. 
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3 

«• 

■1 

fifl 

l.tflKJ 

1 

Wt 

■i 

« 

1,680 

1 

25.2 

6 

61 

2jm 

2 

44.4 

9 

63 

1,760 

2 

28.2 

i^uerure   oj  Sodium 
glyetmia  and  Gtyt 

0/ 


il 
fill 


1  2,560 
5  1,860 
S  1,740 


ilroae,  Merck, 
mmereiat  glucose, 
xtroee,  Kahlb&um. 


272  Carbohydrate  Metabolism.    XIX 

The  influence  of  the  intravenous  injection  of  sodiiun  carbonate 
upon  the  hyperglycemia  and  glyt50suria  in  normal  rabbits,  fol- 
lowing the  subcutaneous  administration  of  glucose  is  not  signifi- 
cant. Wide  variations  in  the  response  of  different  animals  are 
exhibited.  The  results  are  in  agreement  with  those  of  a  previous 
paper,'  in  which  the  data  inchoated  that  the  sugar-regulating 
mechanism  of  a  normal  animal  is  not  usually  influenced  by  the 
intravenous  injection  of  small  quantities  of  sodium  carbonate. 
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SZ.  HEW  EZPERIHEHTS  UPON  THE  MBCHAHISU  OF  SALT 
GLTCOSUIUA. 
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t  wu  noted  by  Bock  and  Hoffman  in  1S71  that  large  amounts  of  a  1 
cent  solution  of  sodium  chloride,  injected  into  the  arterial  circulation  - 
abbits,  gives  rise  to  diuresis,  followed  by  glycosuria.  KOIe  demon- 
ted  that  similar  effects  follow  the  introduction  of  other  sodium  salts — 
acetate,  carbonate,  valerianate,  and  succinate — as  well  as  the  chloride. 
■tin  Fischer  confirmed  these  results.  Moreover,  he  showed  that,  when 
iosuria  has  been  established,  it  may  be  arrested  by  subsequent  injec- 
iB  of  a  mixture  of  the  sodium  salt  and  calcium  chloride.  A  reappear- 
•  of  sugar  in  the  urine  is  brought  about  by  the  replacement  of  the  cal- 
n  solution  by  that  of  a  sodium  salt.  Fischer  also  found  that  the  rapid- 
with  which  sugar  appears  in  the  urine  varies  directly  with  the  concen- 
ion  of  the  salt  solution  employed,  that  the  degree  of  diuresis  bears  no 
nite  relation  to  the  quantity  of  sugar  excreted,  and  that  albuminuria 

frequent  accompaniment  of  this  glycosuria.  Resulte  similar  to  those 
'ischer  were  obtained  by  Brown.  Owing  to  the  (act  that  the  latter  in- 
t^tor  used  an  anesthetic  which  of  itself  is  capable  of  producing  gly- 
iria,  Fischer  discounts  the  value  of  Brown's  results.  Later,  Fischer 
)5)  observed  that  when  sodium  salts  are  injecteddirectly  into  the  arterial 
lem  (into  the  axillary  artery,  hence  through  the  vertebral  arteries  to 

spinal  bulb)  glycosuria  occurs  sooner  than  after  injections  into  the 
ouB  circulation.  From  these  facte  he  concluded  that,  in  the  glycosuria 
Toked  by  the  introduction  of  sodium  salts  into  the  circulation,  two 
:orB  &re  involved:  one,  an  action  upon  the  kidney  by  which  diuresis 
iduced;  the  second,  an  influence  upon  the  diabetic  center  in  the  spinal 
b,  which  causes  glycosuria. 

Jnderhill  and  Closson  demonstrated  a  difference  between  the  glycosuria 
owing  the  introduction  of  solutions  of  sodium  chloride  into  the  venous 
1  into  the  arterial  circulation  of  the  rabbit.  They  attribute  the  gly- 
uria  in  the  former  instance,  which  is  accompanied  by  polyuria,  to  an 
reased  permeability  of  the  kidney.  This  permeability  may  be  decreased 
the  injection  of  a  mixture  of  sodium  chloride  and  calcium  chloride,  as 
273 
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indicated  by  the  temporarily  decreased  flow  of  urine  and  diminished  or 
inhibited  excretion  of  sugar.  Also,  they  found  this  form  of  glycosunA 
to  be  accompanied  by  a  h3rpoglycemia,  which  gave  place  to  normal  blood 
sugar,  or  even  hyperglycemia,  when  the  excretion  of  sugar  in  the  urine  is 
inhibited  by  the  injection  of  a  calcium  salt.  On  the  other  hand,  injection 
of  sodium  chloride  into  the  cerebral  arterial  circulation  induces  glycosuria 
with  no  polyuria,  but  with  an  accompanying  hjrperglycemia.  They  be- 
lieve that,  in  the  latter  instance,  the  increased  content  of  sugar  in  the 
blood  may  be  referred  to  disturbances  of  respiratory  processes,  dyspnea, 
provoked  by  the  introduction  of  sodium  chloride. 

Further  work  upon  this  subject  led  McGuigan  and  Brooks  to  state: 
"The  permeability  of  the  kidney  is  of  small  import  in  the  mechanism  of 
experimental  glycosuria." 

Underbill  and  Kleiner,  considering  this  conclusion  not  justified  by  the 
data  given,  repeated  certain  of  the  experiments  of  McGuigan  and  Brooks, 
and  as  the  result,  say:  ''Renewed  investigation  has  afforded  no  occasion 
to  modify  the  conclusions  already  reached  regarding  the  mechanism  of 
salt  glycosuria.  Under  appropriate  conditions  in  the  rabbit  glycosuria 
due  to  renal  permeability  induced  by  sodium  chloride  injections  can  be 
inhibited  by  injections  of  calcium  chloride.  If  calcium  chloride  is  appro- 
priately introduced  glycosuria  fails  to  be  evinced  even  when  free  sugar 
is  injected  in  addition." 

More  recently  Hirsch  failed  to  obtain  glycosuria,  without  an  accompany- 
ing hyperglycemia,  after  intravenous  injections  of  sodium  chloride.  Since 
his  results  are  diametrically  opposed  to  those  obtained  by  Underbill  and 
his  coworkers,  the  subject  of  the  mechanism  of  salt  glycosuria  has 
been  submitted  to  renewed  investigation.  Particular  interest  attaches 
to  the  question  whether  at  the  period  of  glycosuria  provoked  by  salt  in- 
fusion there  is  augmentation  of  the  level  of  blood  sugar.  It  is  evident 
that,  if  blood  sugar  content  is  not  increased  under  these  circumstances, 
as  asserted  by  Underbill  and  his  coworkers,  a  change  in  renal  permeability 
must  be  assumed.  Otherwise,  in  the  absence  of  hyperglycemia,  there 
is  no  obvious  explanation  for  the  existing  glycosuria. 

Methods. 

These  experiments  were  performed  upon  full-grown,  well  fed 
rabbits,  without  anesthesia.  The  "bootjack"  rabbit  holder 
used  in  this  laboratory  has  been  described  elsewhere.*  The 
blood  sugar  was  determined  by  the  Lewis-Benedict  method. 
Haldane's  procedure  for  the  estimation  of  hemoglobin'  was  fol- 
lowed.    Benedict's  quaUtative  reagent  was  used  in  testing  for 

1  McDanell,  L.,  J.  Lab,  ayid  Clin.  Med.,  1916,  i,  804. 
'Haldane,  J.,  J.  Physiol.,  1901.  xxvi,  497. 
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ir  in  the  urine.  The  solution  of  sodium  chloride  was  inject- 
iontinuously,  under  pressure,  into  the  marginal  vein  of  an  ear. 
iples  of  blood  for  the  determination  of  blood  sugar  and  hemo- 
)in  were  obtained  from  a  vein  of  the  other  ear.  The  bladder 
emptied  at  intervals  by  pressure  through  the  abdominal 
1. 
'he  results  of  seven  experiments  are  given  in  the  accompany- 

table.  From  these  data  it  may  be  seen  that  the  intravenous 
•ction  of  ts/B  sodium  chUmde  invariably  induced  glycosuria  witk- 
I  period  of  15  to  SO  minuies.  The  volume  of  solution  required 
irovoke  the  appearance  of  sugar  in  the  urine  varied  from  130 
in  Experiment  4  to  224  cc.  in  Experiment  3,  the  average  of 

six  experiments  being  176  cc. 

!Tie  glycosuria  observed  was  not  due  to  hyperglycemia,  for, 
lough  the  hypoglycemia  noted  by  Underbill  and  Closson  was 

in  evidence,  the  highest  bUmd  sugar  content  exhibited  at  the  end 
jn  injection  luas  0J4  per  cent  (Experiment  6).  Under  these 
:umstance8,  sugar  in  the  urine  cannot  be  due  to  a  condition  of 
terglycemia.  It  is  therefore  apparent  that  the  glycosuria  in- 
«d  must  be  ascribed  to  a  renal  factor,  as  originally  proposed 

Underbill  and  Closson. 

n  two  instances  (Experiments  2  and  3)  a  hyperglycemia  was 
nd  1  hour  after  the  end  of  the  injection.  Rabbit  79  (Experi- 
Dt  2)  was  prostrated  as  the  result  of  the  injection,  but  recovered 
idly.  In  Rabbit  80  (Experiment  3)  which  developed  a  hyper- 
cemia  of  0.286  per  cent  1  hour  after  the  injection,  there  was 
ch  greater  prostration,  in  fact  a  paralysis,  from  which  the 
mai  did  not  recover.  The  prostration  appears  to  have  been 
i  to  the  poisonous  effects  of  a  large  excess  of  the  sodium  salt, 
lerever  such  a  condition  was  encountered  in  our  experiments, 
lerglycemia  accompanied  it.  In  this  connection,  it  is  to  be 
«d  that  Rabbit  80  excreted  a  relatively  small  amount  of  urine, 
1  also  that  the  fall  in  the  percentage  of  hemoglobin  was  greater 
in  with  any  of  the  other  rabbits. 

rhe  figures  for  blood  sugar  cannot  be  accounted  for  by  mere 
ution  of  the  blood  as  a  result  of  the  salt  solution  administered. 
lis  may  t>e  seen  from  the  values  for  the  hemoglobin,  determined 
fore  and  just  after  the  injection. 


TABLE. 


Time. 


Solution 
inJMted 

Urine 
excreted. 

Hemo- 
^bin. 

Blood 

•Uftf. 

In  last  interval 
of  time. 

Remarks. 


Experiment  1.    lUbbit  78,  2,700  gm. 
October  24,  injection  of  m/6  sodium  chloride. 


ee. 

percent 

percent 

10.00 

55 

0.115 

10.10 

Injection  begun. 

10.26 

100 

No  sugar. 

10.40 

94 

«              M 

10.55 

114 

U             tt 

11.10 

71 

tl             it 

11.25 

102 

tt             t< 

11.40 

77 

tt             tt 

11.55 

112 

«              tt 

12.10 

83 

tt             tt 

12.25 

100 

tt             tt 

12.40 

82 

tt             tt 

12.55 

128 

tt             tt 

1.10 

85 

tt             tt 

1.25 

129 

Sugar. 

1.35 

44 

« 

1,321 

Injection  stopped. 

1.45 

50 

0.138 

3.00 

* 

56 

0.116 

Rabbit  had  poor  use  of 
muscles  when  first  tak- 
en from   board.    Re- 
covered rapidly. 

Experiment  2.    Rabbit  79,  2,240  gm. 
October  26,  injection  of  m/2  sodiiun  chloride. 


9.40 

9.47 

9.53 

9.57 

10.02 

10.07 

10.12 

10.17 

10.22 


10.25 
11.25 


55 

0.119 

60 

102 

55 

34 

45 

21 

30 

23 

31 

22 

31 

31 

32 

293 

224 

50 

0.136 

60 

0.228 

Injection  begun. 

No  sugar. 

Sugar. 
tt 

it 

tt 

it 

Injection  stopped. 

Rabbit  partially    para- 
lyzed.   Recovered. 
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TABLE— Confinued- 
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Experiment  3.    Rftbbit  80,  2,360  gm. 
October  27,  iaJBctioii  of  ii/2  sodium  chloride. 


«. 

piTctnt 

p^ctnt 

4.'i 

43 

6.119 

13 

Injection  begun . 

W 

60 

54 

20 

No  sugar. 

ns 

64 

16 

Trace  of  sugar. 

13 

S6 

14 

Sugar. 

TR 

U 

8 

" 

23 

31 

6 

299 

64 

Injection  stopped. 

?5 

32 

0.116 

25 

43 

0.286 

E>ead  next  morning. 

Experiment  4.    Rabbit  81,  2,580  gm. 
October  28,  injection  of  m/2  aodium  chloride. 


no 

58 

0.111 

(18 

Injection  begun. 

13 

•M 

16 

No  sugar. 

IR 

34 

19 

"       " 

23 

.28 

38 
37 

45 
70 

Si^ar. 

167" 

150 

Injection  stopped. 

56 

0.121 

.30 

68 

0.136 

Rabbit  in  excellent  con- 
dition at  end  of  ex- 
periment. 

TABLE— Concluded, 


Time. 


Solution 
injected. 

Urine 
excreted. 

Hemo- 
globin. 

Blood 
sugar. 

In  laat  intervml 
of  time. 

Remaria. 


Experiment  5.    Rabbit  82,  2,740  gm. 
October  31,  injection  of  m/2  sodium  chloride. 


cc. 

percent 

• 

percent 

10.00 

53 

0.104 

10.14 

Injection  begun. 

10.19 

62 

3 

No  sugar. 

10.24 

42 

16 

it       it 

10.29 

39 

37 

«       (1 

10.34 

29 

45 

Sugar. 

10.37 

40 

45 

« 

212 

146 

« 

Injection  stopped. 

10.42 

50 

0.105 

11.42 

• 

56 

0.107 

• 

Rabbit  *in  good  condi 
tion  at  end  of  experi 
ment. 

Experiment  6.    Rabbit  83,  2,500  gm. 
November  1,  injection  of  m/2  sodium  chloride. 


2.00 

56 

0.125 

2.11 

Injection  begun. 

2.16 

80 

22 

No  sugar. 

2.21 

52 

50 

Trace  of  sugar. 

2.26 

24 

55 

Sugar. 

2.29 

14 

23 

« 

170 

150 

Injection  stopped. 

2.30 

55 

0.14 

3.30 

62 

0.122 

Rabbit  in  good  condition 
at  end  of  experiment. 

Experunent  7.    Rabbit  84,  2,380  gm. 
November  2,  injection  of  m/2  sodium  chloride. 


11.00 

47 

0.108 

11.10 

Injection  begun. 

11.15 

65 

5 

No  sugar. 

11.20 

43 

16 

1 

II       II 

11.25 

36 

26 

tt       tt 

11.30 

37 

28 

Sugar. 

11.32 

14 

24 

II 

195 

99 

Injection  stopped. 

11.37 

43 

0.123 

12.40 

48 

0.125 

Rabbit  in  good  condi- 
tion at  end  of  experi- 
ment. 
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The  fact  that  Hirsch  failed  to  obtain  glycosuria,  without  hyp 
rcemia,  from  injectioiiB  of  solutions  of  sodium  chloride  is  i 
Bcult  to  explain.  In  the  first  place,  his  injections  were  i 
atinuous.  In  this  and  other  laboratories,  positive  resu 
ve  been  obtained  only  with  continuous  injections.  Purth 
rsch  introduced  in  a  given  period  of  time  an  insufficient  amoi 
0.85  per  cent  and  2.5  per  cent  solutions.  This  fact  is  of  add 
inificance  because  many  of  his  rabbits  were  much  larger  th 
ose  used  here. 

Hirsch  attributes  the  si^ar  in  the  urine,  caused  by  dilute  s 
lutions,  to  "emotional  glycosuria"  in  consequence  of  tyi 
e  rabbits  in  a  holder.  We  are  unaware  of  the  methods  pn 
«d  by  Hirsch  for  the  accomplishment  of  this  purpose,  but  t 
ocedure  employed  in  this  laboratory  is  never  productive 
perglycemia  or  glycosuria.  As  an  illustration  of  this  point  m 
:  cited  the  experience  with  Rabbit  78  (Experiment  1).  T 
limal  Remained  on  the  rabbit  board  for  more  than  3  hours,  t 
hibited  no  significant  change  in  blood  sugar  content  in  sp 
long  continued  infusion  of  salt  solution.  Conditions  wi 
eal  for  the  production  of  "emotional"  hyperglycemia  and  g 
suria,  which,  however,  failed  to  occur. 
We  have  had  no  experience  with  injections  of  sodium  chlori 
lutions  stronger  than  m/2.  It  seems  evident,  however,  tl 
e  hyperglycemia  and  glycosuria,  observed  by  Hirsch  with 
:r  cent  solution,  are  to  be  attributed  to  the  toxic  influence  whi 
list  necessarily  be  exerted  by  such  a  strong  salt  solution.  T 
>ta  obtained  under  these  circumstances  bear  no  relation  to  t 
lestlon  under  investigation. 

CONCLUSIONS. 

Further  experiments  upon  the  mechanism  of  salt  glycosu 
ford  no  support  for  the  contention  of  Hirsch  that  renal  p 
eability  is  not  an  important  factor  in  the  condition  under  d 
ission.  On  the  contrary,  the  data  here  given  are  in  agreemt 
ith  those  of  Underbill  and  Closson,  and  Underbill  and  Klein 
reviously  reported.  The  results  indicate  that  the  glycosu 
lused  by  the  introduction  of  dilute  solutions  of  sodiiun  ch 
de  into  the  venous  circulation  is  due  to  an  increased  permeal 
y  of  the  kidney. 
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Id  &  recent  article'  Tatum  describes  the  marked  disintegration 
tissues  immersed  in  bile  or  its  salts.  In  the  peripheral  zone, 
lere  there  was  evident  penetration  by  the  bile,  cytolysis  was 
parent  within  4  hours  or  less,  the  nuclear  material  and  cyto- 
um  shoved  alterations  in  staining  reactions,  and  in  some 
BBS  disintegration  was  so  complete  as  to  leave  only  connective 
sue  structures.  The  facta  developed  in  this  study  are  of  im- 
rtance  physiologically  and  pathologically.  They  suggest  in 
striking  way  the  possibilities  of  tissue  damage  which  may  result 
)m  contact  with  bile.  At  the  same  time  the  mechanism  by 
lich  this  cytolysis  is  induced  does  not  appear  to  us  to  have  been 
nelusively  established  by  the  author.  The  conclusion  reached 
la  that  this  disintegration  of  tissue  cells  by  bile  was  correlated 
th  autolysis.  "This  cytolysis  is  produced  by  virtue  of  the  co~ 
zyme  or  activating  action  of  the  constituents  of  bile  on  the  autolytic 
zymes  or  processes,"  It  3ho;ild  be  pointed  out  that  this  con- 
ision  is  chemical,  while  the  observations  leading  to  it  were 
loUy  histological.  Furthermore,  if  the  conclusion  is  valid  it 
tablishes  an  important  chemical  mechanism  connected  with 
e  autolytic  process  about  which  there  still  exists  some  doubt 
id  for  which  no  direct  evidence  has  yet  been  found;  i.e.,  activa- 
)ii  of  the  enzymes. 

In  the  data  presented  by  Tatum  the  following  points  appear  to 
'  of  significance.  First,  the  reaction  described  is  one  of  tremen- 
lus  speed  compared  with  normal  autolysis.    A  block  of  tissue 

'  Tatum,  A.  L.,  /.  Biol.  Chem.,  1916.  xxvii,  213. 
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disintegrates  twenty  times  as  fast  in  bile  as  it  does  in  dilute  acid. 
Yet  dilute  acid  is  by  far  the  best  autolytic  accelerator  hitherto 
found.  If  the  action  of  bile  is  one  of  enzyme  activation  it  must 
produce  an  amount  of  active  enzyme  many  times  that  foimd  in 
normal  tissue  or  in  tissue  of  optimal  acidity.  Such  an  enormous 
alteration  of  activity  leads  us  to  question  whether  the  explana- 
tion given  is  sound.  In  the  second  place,  the  fact  that  fibrin 
and  heat-coagulated  tissues  were  not  dissolved  in  bil#  while  the 
fresh  tissues  were  does  not  necessarily  imply  that  enzymes  are 
required  in  the  process.  The  solvent  action  of  the  bile  salts  on 
the  proteins  themselves  has  not  been  ruled  out.  Third,  the 
order  of  rapidity  of  disintegration  follows  to  a  striking  degree 
the  order  of  rapidity  of  autolysis.  The  glands  like  liver  and 
spleen  go  to  pieces  rapidly,  while  muscle  tissue  disintegrates 
slowly.  There  may  indeed  be  some  fundamental  connection 
between  the  disintegration  of  these  tissues  and  the  ease  with 
which  their  proteins  hydrolyze  without  involving  any  further 
connection  between  the  action  of  bile  and  the  autolj^tic  enzymes. 
Finally,  there  is  a  certain  lack  of  distinction  between  the  terms 
cytolysis  and  autolysis  as  used  by  the  author,  which  has,  we 
believe,  led  to  the  errors  of  interpretation.  Autolysis  was  the 
term  given  by  Jacoby^  to  the  process  of  tissue  disintegration 
involving  deep-seated  hydrolysis  of  the  proteins.  It  was  so  used 
by  Hedin,  Rowland,  Preti,  and  a  score  of  others  following  Jacoby's 
work.  It  has  carried  the  same  implications  up  to  the  present 
time,  with  occasional  broadening  of  the  term  to  include  other 
hydrolyses  going  on  in  postmortem  tissue,  such  as  the  digestion 
of  fats  or  glycogen.  Where  not  otherwise  specified  the  term 
autolysis  signifies  tissue  autoproteolysis.  On  the  other  hand, 
cytolysis  is  a  morphological  term;  it  may  or  may  not  involve 
deep-seated  chemical  change  back  of  the  cell  disintegration.  It 
is  used  to  describe  the  laking  of  the  red  corpuscles  by  water  or 
other  hemolytic  agents,  it  is  also  used  to  describe  the  cell  disinte- 
gration of  a  tissue  after  death.  The  one  is  probably  a  physical 
phenomenon,  the  other  is  certainly  chemical.  In  certain  cases 
cytolysis  and  autolysis  are  synonymous,  in  others  they  are  not. 
The  results  of  Tatum's  investigations  do  not  constitute  a  proof 
of  the  activation  of  an  enzyme,  since  no  test  of  enzyme  activity 

"  Jacoby,  M.,  Z.  physiol.  Chem.,  1900,  xxx,  174. 


H.  C.  Bradley  and  J.  Taylor  283 

IS  made.  The  data  are  subject  to  interpretation  in  a  variety 
other  waya,  and  indeed  it  may  be  questioned  whether  autolysis 

involved  at  all  in  the  process  described.  The  microscopical 
cture  of  cytolysiB  is  inadequate  to  demonstrate  either  autolysb 

enzyme  activation.  For  this  reason  we  have  subjected  the 
oblem  to  a  definite  chemical  test,  using  the  technique  described 

previous  papers,*  and  estimating  the  speed  and  extent  of  autol- 
ia  by  the  amino-acids  produced.  At  the  outset  we  assumed 
at  bile  did  accelerate  autolysis,  but  were  skeptical  of  enzyme 
tivation.  Our  first  experiment  was  designed  therefore  specif- 
illy  to  determine  whether  activation  took  place  by  following 
e  rate  of  digestion  of  some  foreign  digestible  protein  like  gelatin 
Be  Table  VI).  To  our  surprise  we  found  that  bile  does  not 
piificantly  change  the  rate  of  autolysis  of  such  tissues  as  liver, 
isrt,  spleen,  kidney,  and  thymus.  It  cannot  function  therefore 
ther  as  an  activator  or  as  a  coenzyme  in  the  autolytic  mechanism. 
Experiment  I.  The  Effect  of  Bile  on  Autolysis  of  Various 
iMue«. — The  tissues  were  ground,  sieved,  and  made  up  to  250  cc. 
i  in  previous  experiments.    Bile  was  present  where  indicated 

the  tables.  Digestion  was  estimated  by  formol  titration  of  the 
nino-acids  in  the  trichloroacetic  acid  filtrates.  Bile  caused 
arked  alterations  in  the  appearance  of  the  protein  precipitates, 
Jt  did  not  interfere  seriously  with  the  end-points  of  titrations, 
he  figures  in  the  tables  representing  digestion  are  given  in  cc. 
'  0.2  n  NaOH  per  25  cc.  of  filtrates. 


TABLE  I 

Pig  Liver:  Mixed  Pig 

and  Beef  Bit 

Dm™. 

0 

1 

B 

11 

1.  Control 

0,40 
0.45 
0.45 
0.50 

2,35 
M5 
1.80 
2.10 

2.90 

1.55 
2.30 
2.80 

3.45 
2.10 
3.05 
3.45 

I.        "      +    25  "     " 

In  this  experiment  we  find  definite  inhibition  of  a 
igher  concentrations  of  the  bile. 

'Bradley,  H.  C,  and  Taylor,  J.,  J.  Biol.  Chem..  1916,  > 
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TABLE  IL 
Pig  Heart;  Pig  Kidney;  Beef  Bile, 


1.  Control,  heart  muscle. 
11.         "       -f  100  cc.  bile 

III.  "       -f    25    "     " 

IV.  "       4-      6    "      " 
V.         "       in  0.02  N  HCl 

1.  Control,  kidney 

11.         "       -f  100  cc.  bile 

III.  "       +    25    "      " 

IV.  "       -f     6    "      " 
V.         "       in  0.02  N  HCl . 


Days. 

0 

? 

5 

16 

0.30 

0.80 

1.05 

0.35 

0.60 

0.65 

0.90 

0.35 

0.65 

0.85 

1.10 

0.30 

0.85 

1.20 

0.30 

0.95 

1.40 

1.95 

0.50 

0.95 

1.00 

1.25 

0.60 

1.00 

1.35 

1.80 

0.50 

1.00 

1.30 

1.80 

0.50 

1.00 

1.15 

1.30 

0.50 

3.05 

3.70 

Gun. 


0.75 
0.55 
0.75 
0.85 
1.65 

0.75 
1.20 
1.30 
0.80 
3.20 


Bile  has  no  significant  effect  on  cardiac  muscle.  The  stronger 
solutions  appear  to  inhibit  slightly,  the  weaker  to  accelerate. 
Acidity  produces  definite  increase  of  autolysis.  In  the  case  of 
the  kidney,  higher  concentrations  of  bile  appear  to  accelerate 
the  autolysis  and  lead  to  a  higher  final  level  of  equilibrium.  The 
effect  is  of  little  significance,  however,  when  compared  with  the 
300  per  cent  increase  of  autolysis  in  the  presence  of  acid.  This 
small  increase  of  autolysis  in  the  presence  of  bile  we  have  found 
to  be  the  rule  with  kidney  and  thymus,  and  it  is  sometimes  found 
in  the  spleen.  It  clearly  has  no  relation  to  the  twentyfold  rate 
of  cytolysis  reported  by  Tatum  over  the  cytolysis  in  the  presence 
of  acid. 

The  cause  of  this  regular  increase  of  autolysis  in  some  tissues 
we  thought  might  be  accoimted  for  by  the  bile  proteins  introduced. 
Precipitating  the  proteins  from  100  cc.  of  bile  and  adding  the 
washed  precipitate  to  a  tissue  digest  failed  to  produce  a  measur- 
able effect.  It  is  possible  that  the  alcohol-precipitated  protein 
was  suflSciently  altered  to  fail  to  digest  where  the  protein  in 
solution  was  digestible.  It  is  more  probable  that  there  are  suf- 
ficient traces  of  fats  of  the  lower  fatty  acids  in  some  of  the  tissues 
to  produce  appreciable  amounts  of  fatty  acids  imder  the  accel- 
erating influence  of  bile  on  lipolysis.  These  water-soluble  acids 
would  accelerate  the  rate  and  increase  the  extent  of  proteolysis. 
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TABLE  m. 

Beef  Kidtiey;  Beef  BiU. 

Dv 

0 

2 

7 

0.40 
0.60 
0.45 
0.45 
0.45 

0.75 
1.10 
0.90 
0.75 
2,75 

0.90 
1.40 
1.15 
0.90 
3.45 

V 

TABLE  IV. 

Beef  Spleen;  Calf  Thymw;  Beef  Bile. 


Dw^ 

0 

1 

7 

IS 

0.45 
O.flO 
0.55 
0.55 
0:00 

2.15 
1.80 
2.10 
2,30 
3,10 

2.55 

2.50 
2,75 
2.70 
3.95 

2.80 
3,10 
3,15 
3,10 
4,10 

V.         "       +      6   "     " 

0.75 
0.70 
0.70 
0.70 
0.75 

1.40 
1.65 
1,60 
1.45 
2.60 

1.90 
2.25 
2,25 
2.10 
3.15 

2,10 
2,70 
2.70 
2.50 
3.40 

11          "       +    26   "     " 

V.         "       in  0.02  N  HCi 

TABLE  V. 

Beef  Spleen;  Calf  Tkymva;  Beef  Bile. 


1.  Control,  beef  spleen.... 
I.        "       +  100  cc.  bile. 
.1.         "       +    25   "      " 
V.         «       in  0.02  w  Ha. 

1.  Control,  calf  thymus. . 
1.        "      +  100  cc.  bile, 
1.         "       +    25   "      " 
V.         "       in  0.02  N  HCI - 


0.50 

0.75 
0.65 


0.60 
0.45 
0.50 


286 


Studies  of  Autolysis.    V 


Comparing  Tables  IV  and  V  we  see  that  in  one  case  the  spleen 
is  slightly  accelerated  and  increased  in  its  autol3r8is  by  bile,  in 
the  other  the  reverse  is  true.  If  the  phenomenon  were  one  involv- 
ing activation  we  should  look  for  imiformity.  Its  variability 
suggests  some  factor  Uke  fat  or  ester  content  which  is  Ukely  to 
vary  imder  different  nutritional  conditions. 

Experiment  II.  Bile  and  the  Digestion  of  Foreign  Proteins. — 
Gelatin  was  chosen  as  a  typical  foreign  protein  normally  digested 
by  the  liver  proteases.  Activation  of  the  enzymes  should  lead 
to  a  more  rapid  hydrolysis  of  gelatin. 


TABLE  VI. 

Pig  lAver;  Gelatin;  Dried  Bile. 


1.  Control 

11.         "       +  gelatin.. . 

III.  "       -f    20    gm. 
bile 

IV.  Control  -f   bile    -f 

gelatin 

V.  Control    -f   5     gm. 

bile 

VI.  Control   -f  bile    -f 

gelatin 

Vll.  Control   in  0.02    n 

HCl 

Vlll.  Control    -f   gelatin 
in  HCl 


Time. 

0 

4  hre. 

llhrs. 

Iday. 

6  days. 

14  days. 

0.55 

0.90 

1.20 

1.50 

2.70 

2.90 

0.60 

1.10 

1.50 

2.00 

3.55 

3.90 

0:90 

1.15 

1.30 

1.45 

2.20 

2.50 

0.95 

1.20 

1.40 

1.65 

2.50 

2.90 

0.70 

0.90 

1.10 

1.40 

2.30 

2.50 

0.80 

1.05 

1.35 

1.70 

2.80 

3.10 

0.55 

1.15 

1.70 

2.10 

3.45 

3.70 

0.65 

1.15 

1.80 

2.60 

4.20 

4.55 

Gain. 
2.35 

3.30 
1.60 
1.95 
1.80 
2.30 
3.15 
3.90 


Analysis  of  the  figures  shows  the  following. 

Gelatin  in  the  control  digests  0.95  cc. 

"       with  20  gm.  of  bile  present  digests  0.35  cc. 


« 


tt 


"     5 


«    «      tt 


tt 


0.50  " 


"     HCl  present  digests  0.75  cc. 


It  is  clear  that  bile  retards  the  digestion  of  gelatin,  as  it  does 
the  digestion  of  the  liver  proteins.  There  is  no  suggestion  of 
an  activation  phenomenon. 


f 
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DISCUSSION. 

The  experiments  emphasize  the  caution  which  must  be  exer- 
cised in  interpreting  histological  changes  in  terms  of  chemical 
reactions  without  at  the  same  time  demonstrating  the  presence 
of  such  reactions.  It  is  evident,  too,  from  the  combined  data 
presented  by  Tatiun  and  by  us  that  a  sharp  distinction  must  be 
made  between  autolysis  and  cytolysis.  The  disintegration  of 
cell  structures  may  take  place  without  accompanying  autolytic 
changes,  as  when  the  red  corpuscles  are  laked  with  water,  bile 
salts,  saponin,  or  toluene.  It  may  take  place  with  no  disturbance 
of  the  autolytic  mechanism,  except  perhaps  to  hasten  the  death 
of  the  tissue  and  so  the  onset  of  autolysis.  Cytolysis  of  this 
kind  is  described  in  Tatum's  paper — blocks  of  fresh  liver,  spleen, 
kidney,  etc.,  immersed  in  bile.  Finally  cytolysis  may  be  the 
direct  result  of  autolysis,  as  when  postmortem  changes  occiu*  in 
the  same  tissues  under  normal  conditions,  or  where  blocks  of  these 
tissues  are  immersed  in  acid  of  the  proper  concentration  to  ac- 
celerate autolysis. 

The  mechanism  of  bile  cytolysis  is  not  clear  in  the  cases  pre- 
sented by  Tatum  beyond  the  fact  that  it  is  not  correlated  with  an 
increased  rate  of  autolysis.  It  may  be  due  to  the  solvent  effect 
of  the  bile  salts  upon  the  cell  lipoids.  It  may  be  due  to  the  greater 
dispersion  of  structure  colloids  in  the  lowered  surface  tension 
of  bile  solutions,  and  thus  have  an  apparent  solvent  effect.  It 
is  well  known  that  bile  dissolves  the  visual  purple  of  the  retina  as 
a  more  highly  dispersed  colloid,  and  the  two  phenomena  are  not 
unlike. 


(I 

w 

t 

4 


SUMMARY.* 

1.  Autolysis  does  not  parallel  the  rapid  cytolysis  of  tissues 
immersed  in  bile  or  its  salts.  Bile  does  not  accelerate  the  autol- 
ysis of  liver,  spleen,  kidney,  thymus,  and  heart  muscle  to  a 
significant  degree. 

*  We  have  submitted  our  manuscript  to  Dr.  Tatum  for  his  comment, 
and  find  that  he  has  independently  been  engaged  in  much  the  same  line  of 
experimentation.  His  results,  too,  are  in  substantial  agreement  with  those 
presented  here. 
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2.  Bile  does  not  activate  the  enzymes  associated  with  the 
phenomena  of  autolysis  in  the  tissues  investigated,  nor  d6es  it 
act  as  a  coferment. 

3.  The  cytolytic  effect  of  bile  on  these  tissues  must  therefore 
be  a  process  distinct  from  autol3rsis. 


THE  USE  OF  COTTON  SEED  AS  FOOD.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B,  MENDEL. 

riTH  THE  COOPBRATION  OT  EdNA  L.  FeRRT  AND  AlPRED  J.  WaKEUAN. 

om  the  Laboratory  of  tkt  Connecticut  Affrtcultural  Experijnent  Station 
and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yale 
University,  New  Haven.) 

{Received  for  publication,  January  17,  1017.) 

rhe  following  quotations  from  recent  literature  relating;  to  the 
!  of  cotton  seed  products  as  food  serve  to  illustrate  the  general 
iblem  of  so  called  cotton  seed  meal  injury  or  toxicity: 

'Cotton  seed  meal  is  oae  of  the  moat  valuable  feedatuffa  at  the  command 
the  American  stockman.  After  the  animal  has  digested  it,  the  value 
Jie  residue  as  fertilizer  is  about  three-fourths  the  original  value  of  the 
tl.  The  United  States  uses  only  part  of  the  cotton  seed  meat  which  it 
duces,  and  one  of  the  reasons  which  prevent  a  larger  domestic  conaump- 
1  of  this  by-product  of  the  cotton  industry  is  the  danger  that  aiclcness 
I  death  may  follow  ita  use.  Cattle  fed  for  more  than  90  to  120  daya  on 
eavy  cotton  seed  meal  ration  (0  pounds  or  more  per  head  daily)  become 
le,  and  their  eyes  discharge  freely,  blindness  oft«n  resulting.  Deaths 
y  occur,  especially  in  young  animals.  Pigs  are  peculiarly  auaceptible 
the  effecta  of  cotton  seed  meal,  possibly  becauae  they  are  uaually  fed 
u-ger  quantity  of  the  meal  in  proportion  to  their  body  weight.  In  feed- 
pigs,  symptoms  of  sicknesa  may  appear  at  any  time  after  3  weeks  of 
ding,  and  deaths  frequently  occur  with  little  warning.  Various  systems 
feeding  cotton  seed  meal  to  pigs  have  been  devised.  Some  of  them 
Kar  to  minimice  its  danger  somewhat,  but  none  of  them  prevent  it 
irely.  Thia  product,  therefore,  can  not  be  regarded  aa  a  safe  feed  for 
«  in  the  combinationa  in  which  it  haa  heretofore  uaually  been  fed."' 

Referring  to  the  experiments  in  feeding  cotton  seed  meal  which 

•  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
ricultural  Experiment  Station  and  the  Carnegie  Inatitution  of  Wash- 
Iton,  D.  C. 
'  Rommel,  G.  M.,  and  Vedder,  E.  B.,  J.  Agric.  Research,  1915,  v.  489. 
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have  been  made  by  various  agricultural  station  workers,  Wells 
and  Ewing^  sununarize: 

''The  results  of  such  experiments  do  not  agree  entirely  and  few 
absolute  conclusions  can  be  drawn  from  them.  They  indicate,  however, 
that  swine — particularly  young  pigs — calves,  sheep,  horses,  cows,  steers, 
dogs,  cats,  guinea  pigs,  rabbits,  fish,  poultry,  and  other  animals  may  be 
injured  by  eating  cotton  seed  meal.  Some  of  the  smaller  animals,  such  as 
pigs  and  calves,  seem  to  be  more  susceptible  to  its  injury  than  cows,  steers, 
and  similar  animals.  This,  however,  may  have  been  due  to  their  youth, 
or,  more  probably,  to  a  consumption  of  larger  quantities  of  meal  in  pro- 
portion to  their  live  weight.  When  the  meal  was  fed  in  connection  with 
pasturage,  or  when  it  had  been  steamed,  boiled,  or  fermented,  or  when 
fed  with  mineral  matter,  particularly  iron  compounds,  it  often  seemed  to 
exert  no  apparent  injury  to  pigs  even  when  fed  in  rather  large  quantities. 
The  injury  resulting  from  the  feeding  of  cotton  seed  meal  to  stock  has 
been  attributed  to:  (a)  the  oil  in  the  meal;  (6)  its  crude  fiber;  (c)  excess 
of  nitrogen  and  perverted  metabolism;  (d)  the  action  of  bacteria  and 
molds;  (e)  presence  of  betain,  cholin,  or  other  alkaloids,  and  to  gossypol; 
(/)  to  injurious  phosphorous  compounds;  (g)  to  a  protein  group  containing 
loosely  bound  sulphur,  which  interferes  with  normal  iron  metabolism; 
to  worms  and  certain  other  causes,  which,  perhaps,  are  not  of  sufficient 
importance  to  merit  discussion  here." 

Until  quite  recently  there  has  been  Uttle,  if  any,  appreciation 
of  the  possibility  that  so  called  cotton  seed  injury  may  be  associ- 
ated with  a  lack  of  some  essential  dietary  component  rather 
than  attributable  solely  or  even  in  part  to  the  presence  of  a 
positively  harmful  ingredient  of  the  seed.  According  to  present 
day  criteria  a  "balanced"  or  "physiological"  ration  must  repre- 
sent something  more  than  an  adequate  quota  of  calories  including 
no  less  than  a  certain  minimal  proportion  of  protein,  along  with 
inorganic  salts  and,  perhaps,  "roughage."  The  protein  must  be 
suitable  in  quality,  so  as  to  furnish  a  sufficient  yield  of  all  the 
needed  amino-acids;  the  inorganic  nutrients  must  be  both  quanti- 
tatively and  qualitatively  appropriate;  and  evidently  certain 
vitamines  (including  those  soluble  in  some  of  the  natural  fats, 
e.g.,  butter  fat  or  cod  liver  oil,  and  also  those  soluble  in  water 
which  appear  to  be  widely  distributed  in  the  active  cells  of  plants 
and  animals)  are  needed,  even  if  the  absolute  quantity  requisite 

*  Weils,  C.  A.,  and  Ewing,  P.  V.,  Georgia  Agric.  Exp,  StcUion,  Bull,  119, 
1916. 
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is  small.    Furthermore,    positively   toxic   substances   must   be 
absent  or  at  least  detoxicated  in  some  way. 

Pasing  their  decision  upon  the  similarity  of  the  symptoms  of 
the  so  called  cotton  seed  poisoning  of  pigs  with  those  seen  in  the 
"deficiency  disease,"  beri-beri,  Rommel  and  Vedder  have  come  to 
the  conclusion  that  cotton  seed  injury  to  pigs  is  probably  due  to 
some  deficiency  in  the  ration.  Precisely  wherein  the  shortcoming 
lies  is  not  indicated  by  them,  though  they  offer  the  following 
explanation : 

"The  grain  with  which  the  cotton  seed  meal  is  most  frequently  combined 
is  com.  Com  is  notoriously  deficient  as  a  single  feed  for  animals,  and  it 
must  be  properly  balanced  to  be  fed  satisfactorily.  The  excellent  results 
in  feeding  pigs  which  can  be  obtained  from  rations  of  com  meal  and  skim 
milk  or  other  animal  products,  such  as  tankage,  blood  meal,  fish  meal,  etc., 
are  out  of  all  proportion  to  the  facts  indicated  by  the  conventional  chemical 
analyses  of  protein,  carbohydrates,  and  fat.  When  com  meal  is  fed  with 
cotton  seed  meal,  a  combination  is  made  of  two  feeds  both  of  which  are 
deficient." 


To  avoid  confusion  of  the  questions  at  issue  it  must  be  noted 
that  cotton  seed  products  for  feeding  purposes  are  available  in 
several  commercial  forms.  Cotton  seed  kernels  are  obtained 
when  the  whole  cotton  seed  is  decorticated  and  freed  from  most 
of  the  huUs.  Cotton  seed  meal  is  the  term  applied  to  the  ground 
cotton  seed  cake  from  which  most  of  the  oil  has  been  pressed. 
Cotton  seed  flour  is  prepared  by  finely  grinding  and  sifting  the 
meal,  whereby  the  lint,  hulls,  etc.,  are  removed  more  completely 
than  from  cotton  seed  meal. 

According  to  information  received  from  the  Bureau  of  Chemistry 
at  Washington  two  processes  are  conamonly  employed  in  pre- 
paring cotton  seed  mecU.  In  the  first  process  the  seeds  are  de- 
corticated, groimd,  and  then  subjected  in  kettles  to  the  action  of 
live  steam  for  about  f  of  an  hour.  The  hot  mass  is  freed  from 
most  of  the  oil  by  means  of  hydraulic  presses  and  the  resulting 
press  cake  is  then  ground  to  a  meal.  In  the  second  process  the 
oil  is  expressed  from  the  seeds  by  means  of  Anderson  expellers 
whereby  the  meal  becomes  heated.  The  residue  is  then  ground 
as  in  the  first  process.  The  second  procedure  is  frequently  called 
the  cold  process.  We  are  informed  that  nearly  all  of  the  mills 
in  this  country  use  the  method  emplo\dlig  live  steam;  and  we  do 
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not  know  of  any  mill  at  present  operating  which  does  not  use 
heat  in  some  form.  Heat  is  regarded  as  necessary  in  order  to 
obtain  satisfactory  yields  of  oil. 

Marchlewski*  isolated  from  the  "foots"  from  cotton  seed  oil  a 
substance  which  he  named  gossypol.  Withers  and  Carruth* 
have  isolated  this  from  cotton  seed  kernels,  by  extraction  with 
fat  solvents,  and  they  report  it  to  be  highly  toxic  to  rabbits, 
guinea  pigs,  rats,  and  pigs.  They  state  that  the  ether-extracted 
kernels  are  rendered  non-toxic  by  removal  of  gossypol.  Accord- 
ing to  Withers  and  Carruth,  "cotton  seed  meal  and  flour  were 
found  toxic  to  rabbits  but  the  floiu-  produced  no  ill  effects  on 
rats."  The  imlike  toxicity  to  rats  is  explained  by  the  variation 
in  alteration  or  removal  of  gossypol  in  the  manufacture  of  the 
meal  from  the  kemds.  Withers  and  Carruth  believe  that  the 
deficiency  theory  will  not  explain  the  quick  deaths  of  pigs  and 
other  animals  fed  on  cotton  seed  mecUf  although  with  all  other 
dietary  factors  adequate,  the  toxicity  may  be  more  or  less  over- 
come. 

Employing  the  technique  which  we  have  followed  for  some 
years  in  our  nutrition  experiments  with  rats,  Richardson  and 
Green*  have  imdertaken  an  investigation  on  the  efficiency  of 
cotton  seed  meal  and  cotton  seed  flom*  as  a  food  for  promoting 
growth,  development,  and  reproduction  of  the  albino  rat.  Th^ 
results  led  them  to  conclude  that  failiires  to  grow  or  be  maintained 
on  diets  containing  either  cotton  seed  meal  or  cotton  seed  flour  as 
the  chief  or  sole  som'ce  of  protein  were  in  each  instance  attrib- 
utable to  a  lack  of  some  (non-protein)  essential,  such  as  certain 
inorganic  salts  or  the  growth-promoting  substances  present  in 
butter  fat  and  the  water-soluble  vitamine  of  milk,  rather  than  to 
any  apparent  toxicity.  When  butter  fat  and  "protein-free  nMlk" 
or  whole  milk  powder,  which  also  contains  the  vitamines  in  ques- 
tion, were  added  to  cotton  seed  flour,  satisfactory  nutrition  was 
maintained  over  long  periods.  Albino  rats  were  still  alive  after 
nearly  a  year  on  diets  containing  as  much  as  33  to  50  per  cent 
cotton  seed  flour.  Richardson  and  Green  state  that  "animals 
fed  on  cotton  seed  meal  extracted  with  ether,  according  to  the 

'  Marchlewski,  L.,  /.  prakt.  Chem.,  1899,  Ix,  84. 

♦Withers,  W.  A.,  and  Carruth,  F.  E.,  /.  Agric.  Research,  1915,  v,  261. 

*  Richardson,  A.  E.,  and  Green,  H.  S.,  /.  Biol,  Chem,,  1916,  xxv,  307. 
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method  of  Withers,  have  shown  no  nutritional  advantages  over 
those  rats  fed  on  the  unextracted  meal."  In  fact,  failure  some- 
times occurred  sooner  on  the  extracted  meal  diets  owing,  it  is 
suggested,  to  the  removal  of  the  fat-soluble  growth-promoting 
vitamine  such  as  is  present  in  milk  fat.  This  should  be  kept  in 
mind  in  connection  with  the  contradictory  statement  of  Withers 
and  Carrutb  that  "cotton  seed  kernels  are  rendered  less  toxic 
by  the  partial  extraction  of  gossypol  and  non-toxic  by  a  more 
nearly  complete  extraction  of  it."  Richardson  and  Green  con- 
clude that  "cotton  seed  meal  does  not  contain  suflScient  minerals 
for  growth,  is  not  actively  toxic,  contains  efficient  protein,  and 
perhaps  fat-soluble  growth-promoting  substances,  similar  to 
those  of  butter  fat,  but  in  less  adequate  quantities." 

We  are  not  aware  that  any  case  of  injury  to  man  has  been 
reported  from  the  use  of  cotton  seed  Sour  as  food. 

EXPERIMENTAL. 

To  ascertain  whether  the  cotton  seed  proteins  are,  like  some 
proteins  from  maize*  notably  deficient  for  the  purposes  of  nutri- 
tion we  have  conducted  feeding  experiments  on  white  rata  for 
which  cotton  seed  proteins  fiu'nished  practically  all  of  the  food 
nitrogen  and  for  which  the  other  essential  dietary  components 
were  supphed  by  adding  to  the  products  to  be  tested  a  suitable 
mixture  of  "protein-free  milk,"  butter  fat,  and  starch  which, 
with  the  addition  of  adequate  protein,  haa  been  shown  in  hundreds 
of  our  experiments  to  be  sufficient  for  perfect  growth.  In  this 
way  we  have  found  that  satisfactory  growth  can  be  made  by  rats 
when  either  cotton  seed  globulin,  or  the  total  cotton  seed  protein 
precipitated  from  alkali  extracts  of  cotton  seed  meal,  is  employed 
without  significant  amounts  of  other  protein  in  the  mixture.' 
The  globulin  was  prepared  by  the  salt  extraction  method*  and 
represents   purified   protein   soluble  in   dilute  salt  solution   but 

•  Osborne,  T.  B.,  aDd  Mendel,  L.  B.,  J.  Biol.  Chem..  1913.  xiv,  p.  xxxi; 
Osborne,  T.  B.,  Science.  1913,  xxxvii,  185;  Oabome  and  Mendel,  /.  Biol. 
Chem.,  1914,  ivii,  325;  1914,  xviii,  1;  1916,  xxv,  1. 

'The  results  ol  these  and  other  experimenta  included  in  this  paper 
were  reported  to  the  Society  tor  Experimental  Biology  and  Medicine, 
May  24,  1916;  see  Proceedings,  1916,  xiii,  147. 

'  Osborne,  T.  B.,  and  Voorheea.  C.  G..  J.  Am.  Chem.  Soc.,  1894,  xvi,  778. 
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insoluble  in  water.    The  total  alkali^oluble  protein  was  prepared 
as  follows. 

Ck)tton  seed  flour  was  treated  with  ten  times  its  weight  of  0.4  per  cent 
potassium  hydroxide  solution,  filter  paper  pulp,  which  had  been  thoroughly 
extracted  with  the  same  dilute  alkali,  added  until  a  thick  mass  resulted, 
and  the  solution  pressed  out  with  a  hydraulic  press.  The  extract  was 
then  filtered  through  a  dense  felt  of  paper  pulp,  previously  washed  with 
dilute  alkali.  To  the  clear  filtrate  1  per  cent  hydrochloric  acid  was  added 
until  the  protein  separated 'sharply.  The  precipitate  was  then  filtered 
out  and  washed  with  50  per  cent  alcohol,  until  the  washings  were  practi- 
cally free  from  chlorine,  digested  twice  with  liberal  quantities  of  92  per 
cent  alcohol,  dehydrated  with  absolute  alcohol,  washed  finally  with  ether, 
and  then  dried  over  sulfuric  acid.  The  ash-  and  moisture-free  preparation 
(dried  at  110°)  contained  16.98  per  cent  of  nitrogen. 

Results  of  feeding  experiments  with  these  products  are  given 
in  the  Appendix,  Chart  I. 

In  order  to  test  the  nutritive  value  of  the  total  proteins  as 
they  occur  in  the  seed,  the  possible  lack  of  vitamines  and  inorganic 
salts  was  provided  for  by  supplying  butter  fat  and  "protein- 
free  milk,"  which  we  have  already  demonstrated  to  be  adequate 
sources  of  all  needed  inorganic  food  ingredients  and  vitamines. 
Cotton  seed  flour  was  obtained  from  the  Schidenburg  Oil  Mill, 
Schulenburg,  Texas.  Chir  samples  of  cotton  seed  meal  were 
obtained  by  mixing  samples  collected  for  analysis  by  this  Station 
and  therefore  were  assumed  to  be  representative  of  the  ordinary 
commercial  product;  or  they  were  taken  from  a  bag  of  the  meal 
purchased  in  the  open  market. 

The  growth  curves  in  Chart  II  leave  no  doubt  as  to  the  adequacy 
of  the  proteins  of  the  cotton  seed  meal  or  flour  for  the  growth 
of  rats.  No  signs  of  toxicity  exhibited  by  noticeable  effect  on 
growth  have  been  observed  with  any  of  these  rations.  On  this 
diet  Rat  3631  gave  birth  to  six  young  which  have  grown  vigor- 
ously. 

In  discussing  the  comparative  nutritive  value  of  different 
proteins  in  growth  and  the  problem  of  the  protein  minimum* 
we  have  emphasized  the  fact  that  the  comparative  poverty  of  a 
protein  in  one  or  more  essential  amino-acid  groups  may  not  mani- 

» Cf.  Osborne  and  Mendel,  J,  Biol.  Chem.,  1915,  xx,  351;  1915,  xxii,  241; 
1916,  xxvi,  1. 
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Feet  itself  if  the  supply  of  protein  in  the  ration  is  so  abundant  as 
to  be  considerably  in  excess  of  the  actual  needs.  On  a  more 
restricted  plane  of  protein  intake  the  "law  of  minimum"  may 
manifest  itself  more  conspicuously;  accordingly,  rats  make  quite 
unlike  growth  on  the  aame  (restricted)  intake  of  such  different 
proteins  as  .casein  and  lactalbiimin  though  they  show  quite 
similar  (maximum)  LncrementB  of  weight  when  the  proteins  are 
furnished  in  greater  abimdance. 

Our  "standard  ration"  for  rats  contains  about  16  per  cent  of 
protein  in  a  mixture  yielding  about  5  calories  per  1  gm.  of  food. 
With  a  few  proteins,  uotably  lactalbumin,  almost  perfect  growth 
can  be  secured  for  a  considerable  period  when  their  content  in 
the  ration  is  no  greater  than  9  per  cent.  Other  proteins  supplied 
in  corresponding  proportions  exhibit  their  nutritive  inferiority 
by  falling  behind  in  growth-promoting  capacity.  The  excellent 
"quality"  of  the  cotton  seed  proteins  as  a  whole  is  attested  by  the 
satisfactory  growth  made  on  diets  furnishing  the  equivalent  of 
only  9  per  cent  of  protein  (N  X  5.4)'"  (see  Chart  III,  Rats  3350 
and  336S).  Even  with  6  per  cent  of  the  protein  considerable 
growth  ensued  (see  Rats  3415,  3420). 

The  high  comparative  nutritive  value  of  the  cotton  seed  pro- 
teins was  demonstrated  by  using  cotton  seed  fiour  as  a  supplement 
to  such  decidedly  inferior  protein  concentrates  as  "com  gluten,"" 
the  protein  of  which  yields  only  minimal  quantities  of  lysine  and 
tryptophane  (see  Chart  III).  Good  results  were  likewise  ob- 
tained when  cotton  seed  fiour  was  used  as  a  supplement  to  dis- 
tillers' grains,  a  commercial  product  with  an  amino-acid  content 
not  very  different  from  that  of  the  corn  gluten;  and  to  "vegetable 
albumin  floiu',"  a  product  rich  in  gliadin, — a  protein  deficient  in 
lysine.  Here  again  no  failures  attributable  to  toxicity  of  the 
cotton  seed  flour  were  observed  (see  Chart  III,  Rats  3514,  3523, 
3515,  3525,  3569). 

With  regard  to  the  presence  of  various  vitamines  in  cotton 
seed  products  our  experience  corroborates  the  findings  of  Richard- 

'°  The  limitations  of  the  method  of  experimentation  here  employed 
have  already  been  discuased;  see  Osborne  and  Mendel,  J.  Biol.  Chem., 
1915,  xxii,  246. 

"  Cf.  Osborne  and  Mendel,  /.  Biol.  Chem.,  1914,  xviii,  1 ;  also  1917,  wci«. 
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son  and  Green.  When  diets  were  prepared  with  "artificial 
protein-free  milk/'  i.e.,  without  the  water-sohible  vitamines 
other  than  those  contained  in  the  cotton  seed,  normal  gain  in 
body  weight  was  still  possible.     The  food  mixtures  contained: 


A. 

B. 

Cotton  seed  flour 

percent 
41.0 

29.5 

'       18.0 

3.5 

8.0 

percent 

Cotton  seed  meal 

49.1 

"Artificial  orotein-free  milk" 

28.0 

Butter  fat 

18.0 

Starch 

4.9 

Lard 

The  "artificial  protein-free  milk"  has  already  been  described.'* 
Aside  from  the  lactose  present  this  consists  of  salts  obtained  from 
carefully  purified  chemicals.  The  mixture  has  been  foimd  to 
furnish  the  mineral  ingredients  suitable  for  excellent  growth  pro- 
vided feome  other  source  of  vitamines  is  present.  Without  these, 
prolonged  growth  very  rarely  is  secured,  as  we  have  found  in 
many  trials.  In  the  above  diet  the  growth-promoting  (fat- 
soluble)  vitamine  has  been  supphed  by  butter  fat.  In  view  of  the 
satisfactory  growths  obtained  with  these  diets  in  the  absence 
of  any  other  source  of  this  accessory,  as  manifested  by  the  records 
in  Chart  IV  in  the  Appendix,  the  cotton  seed  must  funjish  the 
ivater-soluble  vitamine  in  considerable  abxmdance.  This  has 
now  been  foimd  true  of  many  other  seeds  by  McCollimi  and  his 
coworkers. 

McCollum,  Simmonds,  and  Pitz^'  have  lately  reported  cotton 
seed  oil  prepared  by  ether  extraction  to  be  toxic;  whereas  the 
commercial  bleached  oil  prepared  by  hot  pressing  was  harmless, 
though  without  promoting  growth. 

The  successful  use  of  cotton  seed  flour  in  the  ration  of  growing 
chicks  was  referred  to  in  a  recent  paper  from  our  laboratory.^* 

"Cf.  Osborne  and  Mendel,  J.  Biol.  Chem.y  1913,  xv,  311;  Mixture  IV, 
described  on  p.  317,  was  used. 

"McCollum,  E.  v.,  Simmonds,  N.,  and  Pitz,  W.,  Am.  J.  Physid., 
1916,  xli,  361. 

"  Osborne  and  Mendel,  J.  Biol,  Chem.,  1916,  xxvi,  293. 
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0  of  these  birds  (Nos.  5  and  6)  beginning  at  the  age  of  28  days 
a  com  gluten  +  cotton  seed  flour  ration  gained  450  gm. 
a.  5)  and  556  gm.  (No.  6)  respectively  in  79  days. 

Vilh  diets  amlaining  cotton  seed  kernels'*  our  feeding  trials  have 

1  an  entirely  different  outcome.  All  rats^  both  young  and  adult; 
giving  this  product  in  the  ration  have  promptly  died  withiti 
)  weeks. 

iere  for  the  first  time  we  have  met  with  su^estione  of  toxicity 
frequently  attributed  to  cotton  seed  products.  It  must  be 
ed  that  in  the  case  of  our  cotton  seed  kernel  feedings,  in  con- 
st with  all  other  diets  containing  cotton  seed  preparations,  the 
s  soon  refused  the  food.  This  raises  the  question  whether  or 
.  the  unbeated  kernels  contain  something  which  causes  the 
i  to  refuse  this  food  so  that  death  was  due  to  starvation  rather 
n  to  any  real  toxicity  of  the  cotton  seed  kernels.  A  control 
eriment  with  twelve  rats  (six  young,  six  adults),  deprived  of 
food  except  water,  showed  that  these  died  almost  as  quickly 
those  fed  with  the  scarcely  eaten  cotton  seed  kernel  rations, 
rhe  statistics  of  the  trials  are  given  below : 

Rats  on  Cotton  Seed  Kernsl  Food.* 


^1 

,m. 

em. 

(m. 

^. 

prrtmnt 

32469 

8 

M.8? 

174 

120 

54 

31 

3349cf 

12.3 

245 

183 

62 

25 

mid' 

37,9 

233 

180 

53 

23 

3516(f 

19.0 

300 

195 

105 

35 

3fil8a" 

55? 

174 

123 

51 

29 

3B76(f 

11 

57. 5? 

185 

114 

71 

38 

rage* 

8 

4.2 
per  day. 

219 

66 

30 

The  composition  of  the  food  mixture  woa  as  followa: 

Cotton  seed  kernel* 66 

"Prot«in-free  milk" 28 

Butter  tat 6 

'  These  were  kindly  furnished  by  Dr.  F.  E.  Carruth  of  the  North  Caro- 
Agricultural  Experiment  Station. 
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Rats  on  Cotton  Seed  Kernel  Food— Concluded. 


Rat. 


Duration 
tit  life. 


Food 
intake. 


Original 
weight. 


Small  rats. 


days 

gm. 

36729 

5 

4.7 

36739 

5 

7.4 

36769 

6 

10.0 

36789 

5 

6.1 

36799 

6 

7.8 

36809 

6 

8.7 

Averages 

5.5 

1.3 

per  day. 


gm. 

86 
82 
86 
81 
80 
80 

83 


Rats  without  Food. 


Rat. 


Duration 
of  life- 


Original 
weight. 


Final 
weight. 


Large  rats. 


34629 
3469  c^ 
3472cf 
3592cf 
3600cf 
3602cf 


Averages. 


Small  rats. 


37139 
3717cf 
37189 
37209 
37219 
37229 


Averages. 


Low. 


days 

gtn. 

gtn. 

gtn. 

6 

173 

115 

58 

12 

287 

160 

127 

7 

247 

150 

97 

6 

214 

129 

85 

6 

180 

108 

27 

6 

190 

118 

72 

7 

215 

78 

percent 

34 
44 
39 
40 
40 
38 


39 


3 

70 

49 

21 

4 

79 

50 

29 

4 

74 

47 

27 

3 

69 

46 

23 

4 

70 

45 

25 

4 

83 

54 

29 

4 

74 

26 

30 
37 
37 
33 
36 
35 

35 


A  further  illustration  of  the  depressing  effect  of  the  presence 
of  cotton  seed  kernels  upon  the  food  intake,  with  its  untoward 
consequences  upon  body  weight,  is  shown  even  in  the  expen- 
ments  in  which  the  kernels  form  a  smaller  fraction  of  the  protein 
concentrate.    When  the  protein,  as  measured  by  its  nitrogen 
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tent,  was  derived  in  approxiinately  equal  quantities  from 
an  and  cotton  aeed  kernels,  mixed  together  in  the  ration,  death 
owed  a  prompt  decline  in  the  food  intake,  although  on  the 
noua  casein  ration  the  voluntary  food  intake  had  been  suffi- 
it  tor  growth  (see  Chart  V,  Rats  3712,  3719). 
imilar  consequences  resulted  when  cotton  seed  flour  and  cotton 
]  kernels  were  included  in  essentially  equal  proportions  in  the 
on  (see  Chart  V,  Rat  3384).  In  the  record  of  Rat  3509 
lart  V)  it  will  be  observed  that  the  food  intake  promptly 
lined  whenever  cotton  seed  kernels  were  included  in  an  other- 
e  satisfactory  ration  containing  cotton  seed  fiour.  Even  so 
le  of  the  kertieU  aa  ia  represented  by  2  per  cent  of  protein 
duced  an  unmistakable  effect,  though  this  was  by  do  means  so 
rked  as  was  the  case  when  larger  quantities  of  the  kernels  were 
sent.  Recovery,  associated  with  increased  food  intake, 
urred  whenever  the  kernels  were  withdrawn  from  an  other- 
e  (qualitatively)  unchanged  food  mixture. 
i  number  of  experiment  station  workers  who  have  investigated 
ton  seed  meal  as  a  food  for  the  various  types  of  farm  animals 
re  noticed  the  failure  of  these  animals  to  eat  as  much  of  the 
ton  seed  meal  rations  as  they  did  of  the  other  protein  con- 
trates  employed." 

'  Ct.  Annaby,  H.  P.,  and  Hess,  E.  H.,  Pennsylvania  Agric.  Exp.  Station, 

BiiU.  tS,  ISM,  22; 
Burkett,  C.  W.,  North  Carolina  Agric.  Exp.  Station,  Bull,  189.  1903; 
Curtis,  R.  8,,  North  Carolina  Agric.  Exp.  Station,  Bull.  tlS,  19U; 
Curtifl,  G,  W.,  and  Caraon,  J.  W.,  Texas  Agric.  Exp.  Station,  Bail,  tl, 

1892; 
Emery,  F.  E.,  and  Kitgore,  B.  W.,  North  Carolina  Agric.  Exp.  Station, 

BaU.  87,  1S92; 
Georgeaon.  C.  C,  Burtia,  F.  C,  and  Otia,'  D.  H.,  Kansas  Agric.  Exp. 

Station,  Bull.  SJ.  1895; 
Hartwell,  B.  L.,  and  Lichtcnth&ler,  R.  A.,  Rhode  Island  Agric-  Exp. 

Station,  Bull.  ISO.  1914; 
Hooper,  J.  J.,  and  Anderson,  W.  C,  Kentucky  Agric.  Exp.  Station,  Bull. 

ITS,  1913; 
Jeffrey,  J.  S.,  North  Carolina  Agric.  Exp.  Sfation,  Bull,  til,  1910; 
Lloyd,  E.  R.,  Mississippi  Agric.  Exp.  Station  Report,  1902,  17; 
Nourae,  D.  O.,  Virginia  Agric.  Exp.  Station,  Bull.  HI,  1901; 
Smith,  H.  R.,  Nebraska  Agric.  Exp.  Stalion,  Bull.  100,  1907; 
Vanderford,  C.  F.,  Tennessee  Agric.  Exp.  Station  Bulls.,  1893,  vi,  No.  2; 
Wella.  C.  A.,  and  Ewing,  P.  V.,  J.  Biol.  Chem..  1916,  xxvii.  IZ;  Georgia 

Agric.  Exp.  Stalion.  Bull.  IIS.  19lfi. 
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If  our  results  are  indicative  of  the  presence  of  a  deleterious 
factor  in  the  cotton  seed  kernels  in  contrast  with  the  meal  or 
flour,  the  question  arises  as  to  the  cause  of  the  difference  between 
these  products.  It  might  seem  that  some  objectionable  con- 
stituent is  removed  from  the  cotton  seed  when  the  oil  is  expressed 
from  the  kernels  in  the  commercial  manufacture  of  the  meals. 
On  the  other  hand,  it  may  be  that  the  heating  of  the  kernels  prior 
to  the  extraction  of  the  oil  faciUtates  destruction  of  any  toxic 
component  that  is  present.  This  appears  to  be  the  view  of  Withers 
and  Carruth  as  expressed  in  personal  commimications  to  us. 
To  obtain  some  answer  to  the  questions  thus  raised  the  following 
series  of  experiments  was  conducted. 

A  sample  of  the  groimd  cotton  seed  kernels  which  had  been 
proved  inadequate  for  promoting  growth  was  pressed  wUhoui 
heating  in  a  hydraulic  press  for  24  hoiu%  at  a  pressure  of  about 
2,000  pounds.  The  press  cake  thus  obtained  was  ground  and 
placed  between  successive  layers  of  blotting  paper  and  subjected 
to  an  additional  pressure  of  4,300  poxmds  for  4  hoiu%  to  remove 
as  much  of  the  oil  as  possible.  About  30  per  cent  was  expressed 
by  this  method.  A  portion  of  the  residue  was  then  thoroughly 
extracted  with  ether,  part  of  it  being  allowed  to  stand  in  a  bottle 
under  ether  and  shaken  frequently  for  about  2  weeks,  and  the 
rest  of  it  being  extracted  in  a  Soxhlet  apparatus  for  about  a 
week.  The  ether  extract  thus  obtained  after  removal  of  the  ether 
was  a  dark  reddish  brown  fatty  soUd  equal  to  about  10  per  cent 
of  the  press  cake  taken.  The  residual  ether-extracted  cotton  seed 
meal  was  fed  to  two  rats  and  proved  to  be  entirely  adequate  as 
the  source  of  protein  for  promoting  their  growth  at  a  normal 
rate  (see  Rats  3813  cf  and  3815  cf,  page  302).  Two  rats  which 
received  in  their  food  4.5  per  cent  of  the  ether  extract  (an  amount 
equivalent  to  the  quantity  of  residual  meal  which  had  proved 
to  be  efficient)  promptly  declined  in  weight  and  died  in  4  and  9 
days  respectively  (see  Rats  3846  9  and  3853  9  ,  page  302).  When 
smaller  quantities  of  this  ether  extract  were  fed,  the  rate  of  de- 
cline was  much  slower,  and  one  rat  was  restored  by  remoing 
the  extract  from  the  diet  (see  Rats  3822  9  and  3823  9  ,  page  302). 
Although  it  is  extremely  difficult  to  extract  all  of  the  ether-soluble 
substance  from  the  cotton  seed  kernelsy  it  is  obvious  that  by  our 
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rocedure  something  was  removed  from  them  which  was  either 
ctually  toxic  in  itself  or  which  rendered  the  food  so  unpalatable 
lat  the  rats  refused  to  eat  enough  of  it  to  sustain  life. 

Having  demonstrated,  like  Withers  and  Carnith,  that  the 
armful  substance  could  be  removed  from  the  kernels  by  ex- 
-action  with  ether,  the  question  next  arose  whether  mere  pre»- 
ire  would  be  equally  e£ScaciouB.  A  part  of  the  oil  obtained  by 
ressing  the  cotton  seed  kemela  in  the  cold  was  heated  to  110°C. 
>r  18  hours  and  the  rest  of  it  left  imheated.  When  incorporated 
1  the  food  of  rats  neither  sample  was  detrimental  (see  data  on 
age  303).  When  the  ration  included  our  cold  process  press 
ike,  still  containing  about  9  per  cent  of  fat,  a  rapid  loss  of  weight 
>Ilowed  just  as  in  feeding  untreated  kernels  (see  Rats  3146,  3284, 
417,  3463,  3603,  page  302).  In  order  to  obtain  the  maximum 
ield  of  oil  it  is  the  conmiercial  practice  to  heat  the  kernels  before 
ressing.  Samples  of  such  meal  which  we  have  tested  have  been 
bown  by  numerous  experiments  to  be  a  satisfactory  food  for 
ats. 

To  explain  these  results  two  hypotheses  are  at  once  suggested: 
ither  the  substance  which  renders  the  kernels  injurious  :'s  in- 
oluble  in  cold  oil  and  can  be  removed  only  by  heating;  or  the 
ajurious  ingredient  is  actually  destroyed  by  heat.  To  test 
he  former  hypothesis  feeding  trials  were  conducted  in  which 
3  per  cent  of  the  food  consisted  of  the  crude  hot  pressed  oil, 
btained  for  us  directly  from  the  mill  by  Dr.  Carruth.  Although 
he  food  was  very  oily,  the  rats  ate  it  readily  and  grew  at  a  nearly 
lormal  rate  (see  Rats  3816  9  and  3817  9  ,  page  303). 

This  result  points  to  the  validity  of  the  alternative  hypothesis; 
lamely,  that  the  injurious  substance  is  destroyed  by  heat.  To 
lecide  this  question,  samples  of  the  untreated  cotton  seed  kernels 
rere  heated  for  varying  lengths  of  time  under  different  conditions, 
md  the  resulting  products  incorporated  in  the  food  of  rats.  One 
ample  was  heated  in  an  electric  oven  (dry  heat)  for  22  hours 
it  llCC.  and  not  pressed.  This  treatment  evidently  rendered 
he  kernels  somewhat  less  injurious;  for  the  rats  fed  on  this  sample 
leclined  more  slowly  than  those  on  the  ujiheated  kernels,  though 
ill  of  them  died  in  11  to  24  days  with  an  average  loss  of  body 
veight  amounting  to  21  per  cent.     Another  sample  o'  1,700  gm. 
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Rata  on  Foods  Containing  Parts  of  the  {Unheated)  Cotton  Seed  KemeU.* 


Rat. 


Duration  of 
experiment. 


Food  intake. 


Original 
weight. 


Final 
weight. 


Change  in  weight. 


A.  Cotton  seed  kernels,  cold-pressed. 


day* 

Qtlt. 

gm. 

gm. 

gn. 

percent 

31469 

13 

20.4 

199 

138 

-61 

31 

32849 

4 

9.5 

185 

151 

-34 

18 

3417cf 

13 

50=*= 

220 

150 

-70 

32 

34639 

15 

85=*= 

162 

100 

-62 

38 

36039 

7 

8.7 

138 

• 

95 

-43 

31 

B.  Cotton  seed  kernels,  ether-extracted. 


3813d^ 
3815c^ 


41 
41 


295.0 
291.0 


60 
60 


130 
130 


+70 
+70 


117 
117 


C.  Casein  +  ether  extract  of  cotton  seed  kernels,  4.5  per  cent. 


38469 

4 

7.1 

60 

41 

-19 

32 

38539 

9 

23.9 

61 

38 

-23 

38 

D.  Casein  +  ether  extract  of  cotton  seed  kernels,  2.25  per  cent. 


3822  9 

17 

? 

• 

70 

61 

-  9 

13 

38239 

18 

? 

65 

58 

-  7 

11 

E.  Casein  4-  ether  extract  of  cotton  seed  kernels,  1  per  cent. 


3813c/' 
3815d^ 


26 
26 


168.8 
161.6 


130 
130 


139 
137 


+  9 

+  7 


7 
5 


*  The  composition  of  the  food  mixtures  was  as  follows: 


Cotton  seed  kernels. 
Ether     extract     of 
cotton  seed  ker- 
nels  

Casein 

"Protein-free  milk" 

Starch 

Lard 


A. 

per  cent 

49.5 


B. 

pet  cent 

41.5 


C. 

per  e$nt 


D. 

per  cent 


E. 

peretnt 


28.0 


4.5 


Butter  fat 18.0 


28.0 

2.5 

10.0 

18.0 


4.5 
18.0 
28.0 
29.0 

2.5 
18.0 


2.25 
18.00 
28.00 
29.00 

4.75 
18.00 


1 

18 
28 
29 

6 
18 
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£al«  on  Foodt  ConUtining  Cotton  Seed  Oil.* 


■•I  "A's'  I 


Casein  +  ootton  seed  oil,  cold-presaed. 


*.». 

urn. 

inn. 

on. 

tm 

Kr«»' 

aaszcT 

28 

132.9 

61 

96 

+44 

86 

36089 

28 

148.5 

50 

94 

+44 

88 

37029 

66 

342.6 

59 

123 

+64 

108 

3708^" 

S6 

366.7 

61 

139 

+88 

173 

3709cf 

28 

160.6 

54 

102 

+48 

89 

'aae'm  +  cotton  seed  oil,  cold-presaed,  and  heated  to  110°  for  18  hours. 


36990- 

16 

68,0 

54 

60 

+  6 

11 

37000' 

17 

82.5 

49 

69 

+20 

41 

3712cf 

17 

103.9 

50 

81 

+31 

62 

37159 

20 

107.3 

55 

73 

+18 

33 

37199 

17 

110.9 

60 

80 

+20 

33 

Casein  +  cotton  seed  oil,  crude. 


*  The  composition  of  the  food  mixtures  was  aa  foUows: 

Casein 18 

"Protein-free  milk" 28 

Starch 26 

Butter  fat 8 

Cotton  seed  oil .". 28 

ras  put  in  a  cheese-cloth  bag  in  the  container  of  the  hydraulic 
ress.  The  apparatus  was  carefully  in&ulated  and  steam  passed 
ito  the  material  for  5^  hours.  The  container  and  kernels  were 
hen  quickly  transferred  to  the  hydraulic  press  and  as  much  of 
be  oil  as  possible  was  pressed  out.  The  press  cake,  from  which 
he  oil  was  by  no  means  completely  removed,  was  dried  at  about 
0"  and  fed  to  two  rats. 
Other  samples  of  the  ground  kernels  were  subjected  in  jacketed 
nntainera  to  vigorous  treatment  with  live  steam  for  different 
engths  of  time,  from  1  to  6  hours.     The  kernels  reached  a  tem- 
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perature  of  104-109°C.  There  was  some  loss  through  distillation 
and  spraying.  The  steamed  kernels  were  dried  at  about  60**C. 
and  groimd. 

The  results  of  all  of  these  experiments  with  the  heated  cotton 
seed  kernels  are  tabulated  below. 

RcUa  on  Heated  Cotton  Seed  Kernel  Foods* 


Rat. 


Duration  of 
experimeDt. 


Food      I    Ori{pnal 
intake.  weight. 


Final 
weight. 


Change  in  weight. 


A.  Kernels,  not  pressed,  heated  for  22  hours  at  110**C.  in  the  electric  oven. 


3737cf 
3738^" 
3739  cf 
3741  cf 
3743cf 
3744cf 


Averages. 


day* 

gm. 

gm. 

am. 

gm. 

13 

53.1- 

67 

49 

-18 

20 

58.2- 

65 

49 

-16 

11 

29.3 

69 

58 

-11 

23 

76.6 

57 

46 

-11 

23 

72.7 

56 

47 

-  9 

24 

79.3 

60 

45 

-15 

19 

3.5 
per  day. 

62 

-13 

per  cent 

27 
25 
16 
19 
16 
25 

21 


B.  Kernels,  not  pressed,  steamed  1  hour. 


3723  9 

3724  c^ 
3732  9 
3734^^ 
37489 
37509 

Averages... 


12 

27.9 

54 

41 

-13 

18 

75.2 

50 

47 

-  3 

12 

41.3 

47 

40 

-  7 

12 

33.8 

45 

40 

-  5 

16 

68.1 

47 

40 

-  7 

14 

47.7 

50 

40 

-10 

14 

3.4 
per  day. 

49 

-  8 

24 
6 
15 
11 
15 
20 

15 


C.  Kernels,  partially  pressed,  steamed  5i  hours. 


38369 

42 

321.6 

60 

133 

+73 

122 

38519 

42 

310.8 

70 

121 

+51 

73 

Averages 

42 

7.5 

per  day. 

65 

+62 

98 
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Rail  on  Heattd  CotUm  Seed  Kernel  Foodt.— Concluded. 


DontJOD  of       Food 


Oricinal 
waktat. 


D.  Kernels,  not  pressed,  steamed  2  hours. 


ian 

tm. 

«M. 

»m. 

tm. 

peranl 

38609 

28 

186.8 

75 

108 

+33 

44 

3863 cf 

28 

163.3 

57 

82 

+25 

44 

3S74Q 

28 

204.7 

72 

119 

+47 

65 

3875J 

28 

206.5 

61 

112 

+51 

84 

38780- 

28 

221.6 

60 

126 

+66 

110 

38939 

28 

178.5 

S8 

98 

+40 

69 

erages 

28 

6.9 

per  day. 

64 

+44 

70 

E.  Kernels,  not  pressed,  steamed  4  hours. 


38619 

28 

209.0 

75 

lis 

+43 

57 

3864c? 

28 

163.4 

54 

89 

+35 

.65 

3876d' 

28 

203.9 

66 

113 

+47 

71 

3SS29 

28 

156,7 

55 

92 

+37 

67 

3SSSd' 

28 

192.1 

55 

90 

+35 

64 

3S049 

28 

159.4 

50 

81 

+31 

62 

eragea 

•     28 

6.5 
per  day. 

59 

+38 

64 

F.  Kehie 

B,  not  pressed,  steamed  6  hours. 

38629 

28 

163.2 

65 

81 

+16 

25 

3866d< 

28 

1^.6 

57 

86 

+29 

51 

3877  d" 

28 

159.3 

55 

S3 

+28 

51 

38879 

28 

158.1 

63 

82 

+19 

30 

3889(3* 

28 

136.3 

55 

69 

+  14 

25 

38929 

28 

155.0 

56 

79 

+  23 

41 

wages 

28 

5.5 
per  day. 

59 

+  22 

37 

The  composition  of  these  food  mixtures  vi 


Cotton  seed  kerneU. . 
"Protein -free  milk". 

Lard 

Butter  fat 


60,5 

56 

59.5 

21.0 

21 

21.0 

5 

11.5 

18.5 

18 

13.0 
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These  experiments  show  that  by  steaming  the  kernels  for  a 
sufficient  length  of  time,  they  may  be  rendered  apparently  harm- 
less for  feeding.  These  results  which  correspond  in  many  re- 
spects to  the  observations  of  Withers  and  Carruth,  not  yet 
published  in  detail,  are,  however,  by  no  means  xmiform.  In 
some  cases  kernels  which  had  been  heated  for  longer  periods  of 
time  proved  to  be  less  satisfactory  as  food  than  those  subjected 
to  less  prolonged  steaming.  It  is  not  inconceivable  that  undue 
heating  may  render  the  meal  impalatable  or  otherwise  imsuit- 
able  for  nutrition,  in  addition  to  destro3ring  the  original  deleterious 
substance.  These  facts  may  help  to  explain  the  conflicting 
evidence  regarding  the  alleged  suitabiHty  of  different  samples 
of  commercial  meals.  The  chemical  reactions  by  which  "gossy- 
pol"  or  any  other  objectionable  ingredient  can  be  altered  to  render 
it  harmless  have  not  yet  been  adequately  investigated.  Until 
the  effects  of  heating  cotton  seed  have  been  more  fully  studied, 
conclusive  statements  on  this  featiu'e  cannot  be  made. 

The  following  tabular  summary  gives  the  statistics  of  average 
data  compiled  from  oiu*  feeding  experiments,  with  cotton  seed 
products  of  various  descriptions,  relating  to  the  source  of  the 
deleterious  factor.  The  compositions  of  the  food  mixtures  con- 
taining these  products  are  indicated  elsewhere  in  the  text. 

The  facts  now  available  may  be  briefly  smnmarized  as  foUows. 

Cotton  seed  kernels  are  imsatisfactory  for  nutrition.  'Such 
samples  of  cotton  seed  meal  and  flour  as  have  been  tested  were 
valuable  foods  for  growing  rats,  both  when  used  as  the  sole 
source  of  protein  in  the  food,  or  when  used  in  smaller  quantity 
to  supplement  other  less  efficient  protein  concentrates. 

The  injurious  substance  in  the  kernels  can  be  removed  by  ex- 
traction with  ether  and,  according  to  Withers  and  Carruth,  by 
extraction  with  carbon  bisulfide,  chloroform,  benzene,  or  alcohol, 
but  not  with  petroleum  ether  or  gasoline.  The  ether-soluble 
material  is  deleterious,  either  because  it  contains  some  toxic 
ingredient  or  because  it  renders  the  food  containing  it  so  un- 
palatable that  the  animals  refuse  to  eat  it.  This  is  in  accord  with 
the  results  obtained  by  Withers  and  Carruth,  and  by  McCoUum, 
Simmonds,  and  Pitz.'^ 

Foods  containing  cotton  seed  oil  prepared  by  pressing  the 
kernels  in  the  cold,  or  furnished  as  the  crude  xmbleached  com- 
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Experiment  vilh  ^ood  Mixturts  CotUaining  Cotton  Seed  Products. 
Averages. 


Food. 

FoodloUkf 

o,SS*^S„t. 

°,^ 

■'isic.:- 

«<n. 

in- 

PB. 

p«-«ni 

None. 

0 

Death  in    7  days. 

215 

-39 

" 

0 

"     .1     4     .< 

74 

-36 

Untreated  kernelB. 

4.2 

"     "     8     " 

219 

-30 

..              « 

1.3 

"      "     6     " 

81 

-31 

KeToels  heated  dry  at 

110'  22  hours. 

2.9 

"     "  20     " 

62 

-21 

Kemela  steamed  I  hour. 

3.5 

"      "   14     " 

49 

-15 

"        2houn! 

6.9 

28 

64 

+70 

"            "       4      " 

6.5 

28 

59 

+64 

"       6      " 

6.5 

28 

59 

+37 

■'        5i    " 

and  partly  pressed. 

7.5 

42 

65 

+98 

Kernel    residues    cold- 

preased. 

1.8 

Death  in  10  days 

181 

-30 

Oil  cold-preased. 

5.4 

28 

53 

+45 

OU     oold-presaed     and 

heated     at     110°     18 

hours. 

6.5 

17 

53 

+20 

Oil,  crude. 

6.1 

56 

63 

+90 

Kernels  ether-extracted 

7,2 

41 

60 

+  117 

Ether   extract   of    ker- 

nels, 4.5  per  cent. 

2.2 

Death  in  7  days: 

61 

-35 

Ether    extract   <rf    ker- 

nels, 2.25  per  cent. 

? 

18 

68 

-12 

Ether    extract  of    ker- 

nels, 1  per  cent. 

66 

26 

130 

+6 

ercial  oil  prepared  by  heating  the  kernels  before  pressing  them, 
e  eaten  without  detriment  by  rats. 

By  treatment  with  steam  imder  suitable  conditions  the  ker- 
l«  lose  their  deleterious  effect  on  rats.  The  variations  in  the 
suits  of  feeding  different  samples  of  cotton  seed  meal,  which 
ive  been  reported,  may  be  due  to  differences  in  the  mode  of 
ating  which  the  products  have  experienced  in  their  preparation. 

Reverting  to  the  question  already  raised  as  to  whether  so 
Jled  "cotton  seed  injury"  in  the  feeding  of  domestic  animals 
m  be  classed  with  the  deficiency  diseases,  it  is  quite  | 
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that,  as  Rommel  and  Vedder  maintain,  food  mixtxu-es  lackmg 
some  of  the  now  recognized  essential  ingredients  of  an  adequate 
diet  have  been  employed  in  the  past.  Our  experience  with  rats 
successfully  grown  on  cotton  seed  rations  excludes  the  probabiKty 
that  there  is  ordinarily  any  lack  of  the  water-soluble  vitamine. 
Whether  the  quota  of  inorganic  salts  furnished  in  agricultural 
practice  is  always  sufficient  we  are  unable  to  answer.  It  is 
noteworthy,  however,  that  we  have  induced  young  rats  to  double 
their  weight  at  a  normal  rate  of  growth  on  a  food  mixture  con- 
taining nothing  except  cotton  seed  meed,  starch,  and  lard.  The 
deleterious  effects  of  xmheated  cotton  seed  kernels  cannot  be 
denied.  Whether  the  reputed  detrimental  effect  after  feeding 
some  of  the  commercial  cotton  seed  meals  is  associated  with  a 
failure  to  destroy  a  deleterious  constituent — as  has  been  indicated 
above — or  is  attributable  to  imsuitable  methods  of  feeding  in 
some  cases  is  still  debatable.  The  treatment  of  the  cotton  seed 
so  as  at  least  to  render  it  harmless  now  seems  to  lie  within  the 
range  of  ready  possibilities. 

APPENDIX. 

Chart  I.  Showing  normal  growth  of  rats  on  rations  furnishing  pro- 
tein in  the  form  either  of  the  isolated  cotUm  seed  globulin  or  the  total 
alkali'Soluble  cotton  seed  protein. 

The  food  mixtures  had  the  following  composition. 

per  eent  peret^ 

Cotton  seed  globulin 18 

Alkali-soluble  cotton  seed  protein 18 

"Protein-free  milk" 28  28 

Starch 28  24 

Lard 8  12 

Butter  fat 18  18 


< 
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Chart  III.  Showing  the  high  nutritive  e£Bciency  of  cotton  seed  protein 
3  exemplified  by  the  eicellent  growth  of  rats  upon  rations  oontaining 
impaTBtively  low  contents  of  protein  in  the  form  of  cotton  seed  jUmr 
[tat9  3350,  3308,  9  per  cent  protein;  3415,  3420,  6  per  cent  protein);  like- 
ise  by  supplementing  s&tiaf  actorily  other  protein  concentratea^com  glu- 
en  (Rats  3267,  326S,  3290,  3314,  3367,  3369,  3429,  3513,  3522),  "vegetable 
Ibomin  flour"  (Rata  3515,  3^5,  3569),  and  diatillera'  grains  (Rata  3614, 
523) — which  alone  failed  to  yield  all  of  the  amino-acidsrequiredfor  normal 

The  food  mixtures  had  the  following  composition. 


i^tton  seed  flour  (N  =  8.1  per 
cent) 

Tegetable  albumin  flour"  (N 
—  13.1  percent) 

Distillers'  grains  (N  >-  4.7  per 
cent) 

"Protein-free  milk" 

Starch 

Sucrose 

Urd 

Butterfat 


20.5 
10.0 


32«;. 

'^^\ 

ii- 

3S13. 

3i22. 

Vr,ftM 

per  am 

pwwnt 

ftrcM 

Cotton  seed  flour  (N  =  8.1  per 

cent) 

20,5 

13.7 

10.0 

8,2 

"Com  gluten"(N  =  6.6  per  cent). 

19.0 
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Chaht  IV.  Showing  growth  on  rations  in  wt 
>ur  was  the  source  of  the  protein  and  wate 
itiefoctoty  growth  resulting  indicates  that  tl 
resent  in  suitable  fonn  in  these  cotton  seed  ] 

The  food  mixturea  consisted  of: 
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Chart  V.  Showing  the  fall  in  body  weight  and  decline  in  weekly  food 
ntftke  when  cottoo  seed  kernelt  were  admixed  in  rations  otherwise  dem- 
>nstrated  aatiafartory  for  growth.  The  periods  during  which  the  kernels 
«ere  included  in  thefood  are  indicated  by  the  beaded  hne  {  %  9  •  •  •  )■ 
rhe  resumption  of  growth  is  shown  in  rats  when  the  cotton  aeed  kemtU 
were  excluded  from  the  diet. 

The  food  miiturea  had  the  following  composition. 
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THE  COMPOSrriOIT  OF  ADIPOCERE. 

Bt  R.  F.  RUTTAN  and  M.  J.  MARSHALL. 

(from  the  Department  of  CteniXr^,  MeGill  Univernly,  AtorUreal.) 

(Received  for  publication,  Janu&ry  13,  1S17.) 

It  is  to  Fourcroy  (10),  who  in  1787  examined  the  waxy  remains  of  the  bo 
»  of  some  children  in  PariB,  that  we  owe  the  name  adipocere.  This  wk 
ubstance  resulting  from  chemical  change  in  buried  animals  has,  und 
lie  names  of  LeichentBochi,  Cera  cadaverica,  and  Adipocere,  been  report! 
pan  a  number  of  times.  Fourcroy  considered  it  a  soap  of  ammonia  ai 
hosphate  of  lime,  the  fata  from  which  had  a  melting  point  of  52.5°C 
nd  he  grouped  it  with  cholesterol  and  spermaceti. 

Chevreul  in  1812  considered  a  specimen  of  human  adipocere  to  be 
lixture  of  margaric  and  oleic  acids  combined  with  yellow  odorous  su 
tanccB  containing  lime,  potash,  and  nitrogenous  matter. 

Gregory  (1)  in  1847  made  a  study  of  hog's  adipocere  and  concludi 
hat  it  contained  7S  per  cent  of  palmitic  acid,  25  per  cent  of  stearic  aci 
nd  2  to  3  per  cent  of  lime.  He  was  the  first  to  observe  the  absence 
;lyccrides,  as  tbe  fat  gave  no  acrolein  reaction.  The  stearic  acid  d 
cribed  by  him  had  a  melting  point  of  79°  and  was  obviously  the  mix 
lydroxy  stearic  acids  described  below.  He  found  also  a  small  quanti 
<i  cholesterol. 

Ebert  (2)  in  187S  found  a  specimen  of  pig's  adipocere  to  contain  abo 

per  cent  of  ammonia  and  6  per  cent  of  insoluble  residue,  and  the  fat 
tcids  to  consist  chiefly  of  margaric  apd  palmitic.  He  found  no  stearic 
ileic  acids  but  recognized  an  acid  melting  at  80°C.  as  a  hydroxy  ac 
rhich  he  decided  after  analysis  to  be  hydroxy  margaric  acid.  This 
irobably  the  "stearic  acid"  of  Gregory  and  is  a  mixture  of  two  isomei 
lydroxy  stearic  acids  isolated  by  us  from  the  adipocere  reported  in  tl 
)aper. 

Scbmelck's  (3)  analyses  in  1902  of  three  specimens,  two  human  and  o 
'f  a  pig,  are  the  only  recent  analj^es  of  which  we  can  find  any  recoi 
it:  determined  only  the  general  physical  and  chemical  constants  of  t 
iitracted  fata  and  fatty  acids.  All  three  gave  similar  analyses.  Briel 
lia  results  were,  melting  point  62.5°C.,  insoluble  fatty  acids  83.84  per  cei 
uh  IM  to  1.79,  containing  84  per  cent  of  GsO,  16  per  cent  of  unaapoi 
table  matter,  acid  value  197,  neutral  value  of  acids  202  to  203,  iodine  val 
'I  acids  14.4.  He  made  no  attempt  to  separate  the  fatty  acids  or  to  stui 
tbe  material  insoluble  in  ether. 
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Wetherill  (4)  some  years  ago,  and  Tanigi  (5)  in  1905,  as  the  results  of 
partial  analyses,  concluded  that  adipocere  consisted  chiefly  of  palmitic 
acid. 

About  a  year  ago  a  fine  mass  of  adipocere  was  given  to  one  of 
us  by  Mr.  R.  J.  Blair  of  Ormstown,  Que.  It  was  found  on  a 
farm  near  Rockburn,  Que.,  in  an  uncultivated  wet  spot,  and  was 
probably  buried  for  45  to  47  years.  The  specimen  consisted  chiefly 
of  a  slab  1  to  3  inches  thick  of  the  back  of  a  pig,  identified  as 
such  by  some  hair  that  remained  and  a  portion  of  the  jaw  found 
with  it.    It  weighed  15J  poimds. 

The  adipocere  was,  when  cleaned  from  adhering  earth,  a  hard 
white  wax  as  resonant  as  a  piece  of  hard  parafiSn,  and  quite 
homogeneous;  portions  taken  from  different  parts  of  the  mass 
showed  almost  identical  ph3n3ical  and  chemical  properties.  Run- 
ning through  the  cleaned  pieces  fine  strands  of  connective  tissue 
could  easily  be  detected. 

A  preliminary  qualitative  analysis  showed  that  the  wax  was 
chiefly  composed  of  ordinary  saturated  solid  fatty  acids,  lime 
soap,  fatty  acids  insoluble  in  petroleum  spirit,  and  some  con- 
nective tissue. 

Quantitative  Analysis. 

The  analyses  were  made  on  average  samples  taken  from  differ- 
ent parts  of  the  mass.  The  finely  groimd  material  after  drying 
in  vacuo  over  sulfmic  acid  was  first  extracted  in  a  Soxhlet  with 
rhigolene,  a  very  Ught  petroleum  spirit  (sp.  gr.  0.625,  boiling 
point  22®C.),  to  separate  the  acids  insoluble  in  petroleum  spirit 
from  the  soluble  fats  and  acids.  The  mean  of  a  number  of 
extractions  gave  78.3  per  cent  soluble  in  rhigolene.  The  portion 
insoluble  in  the  petroleum  spirit  was  then  extracted  in  a  Soxhlet 
with  ether  and  a  further  average  yield  of  fatty  acids  of  15.8  per 
cent  was  obtained,  leaving  5.9  per  cent  of  insoluble  residue. 

The  Rhigolene-Soluble  Material, — ^This  was  found  to  be  com- 
posed chiefly  of  palmitic  with  stearic  and  oleic  acids  in  small 
qiiantities,  together  with  still  smaller  quantities  of  fat  and  un- 
saponifiable  matter.  This  mixture  gave  a  mean  melting  point 
of  51.5~51.9°C.,  an  acid  value  of  207.1,  a  saponification  value 
of  210.7,  or  a  mean  molecular  weight  of  266.1.  This  last  value, 
while  it  lies  between  those  of  stearic  acid  (284)  and  palmitic  acid 
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56),  is  a  little  high,  owing  to  the  presence  of  small  quantitiee 
neutral  fat  and  unsaponifiable  matter. 

To  obtain  an  idea  of  the  quantitative  relations  of  the  constit- 
inta,  we  first  attempted  to  separate  the  stearic  acid  by  the  Heh- 
T  and  Mitchell  method  (6),  but  practically  no  stearic  acid 
iB  obtained.  It  seemed  from  our  experiments  that  the  method 
unsatisfactory  and  that  a  large  excess  of  palmitic  acid  inhibits 
e  separation  of  the  stearic  acid  in.  alcoholic  solution  at  0°C. 
prolonged  and  tedious  fractional  crystallization  from  95  per 
nt  alcohol  was  then  employed  to  separate  the  acids.  Six  or 
ven  series  were  carried  through,  involving  a  great  number  of 
parations. 

The  results  briefly  stated  were;  (1)  The  isolation  of  a  non- 
ponifiable  neutral  substance  almost  insoluble  in  alcohol  which 
ystallizes  in  rhombic  spear-shaped  waxy  crystals  giving  a  con- 
ant  melting  point  of  64.5°C.  This  is  optically  inactive  and 
ves  none  of  the  reactions  of  cholesterol  or  allied  substances, 
he  quantity  obtained  in  a  pure  form  (0.7  gm.)  was  too  small  to 
jnnit  of  accurate  identification.  (2)  The  separation  of  pure 
earic  acid  to  an  amoiint  corresponding  to  3.3  per  cent  of  the 
igmal  adipocere.  This  is  probably  too  low,  as  the  separation 
:  stearic  acid  from  palmitic  by  fractionftl  crystallization,  or  by 
leir  magnesium  salts,  is  not  accurately  quantitative.  (3)  There 
as  no  margaric  acid  present.  The  crystals  melting  about  59- 
)''C.,  which  occasionally  formed,  were  eutectic  mixtures  of 
earic  and  palmitic  acids  easily  separated  by  varying  the  con- 
itiona  of  crystallization  or  by  their  salts  into  the  two  acids. 
I)  The  quantity  of  neutral  fat  present,  which  was  quite  soft 
ad  pasty,  was  very  small,  only  1.37  per  cent  of  the  adipocere. 
■hifl  was  calculated  from  the  difference  between  the  saponifi- 
ition  and  acid  values  of  the  mixture,  and  confirmed  by  direct 
^traction,  after  neutralization  of  all  free  fatty  acids.  This 
eutral  fat  gave  an  iodine  value  of  10.37,  corresponding  to  11.6 
er  cent  of  olein.  Palmitic  and  oleic  acids  were  obtained  from 
his  fat  after  saponification,  but  no  stearic  acid  was  obtained. 
5)  The  unsaturated  acids  present  calculated  to  oleic  acid  were 
.24  per  cent  of  the  original  adipocere.  These  were  calculated 
rom  the  iodine  value  (Wijs'  method).  A  liquid  acid  was  sepa- 
ated  from  the  soluble  residues  left  from  the  fractional  crystal- 
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lisation,  by  the  lead  salt  ether  or  Gusserow-Varrentrapp  (7) 
method.  Owing  to  the  presence  of  some  saturated  acids  whoee 
lead  salts  were  partially  soluble  in  ether,  this  add  gave  the  low 
iodine  value  of  44.8.  (6)  There  were  only  doubtful  traces  of 
volatile  fatty  acids. 

FaUy  Acids,  Etc.,  Obtained  by  Ether  Extraction  of  Adipocere, 

This  mixture  was  a  solid  waxy  mass  and  contained  all  the 
fatty  acids  uncombined  as  calcimn  soaps  together  with  the  small 
quantities  of  fats  and  unsaponifiable  matter.  This  wax  gave 
the  following  results,  which  were  determined  for  comparison  with 
the  constants  obtained  by  Schmelck: 

Melting  point 6(>-63*C. 

Acid  value 201.7 

Saponification 207 

Mean  mol.  wt 288 

Acetyl  value 34.75 

The  higher  melting  point  and  the  lower  acid  and  saponification 
values  of  this  mixture  compared  with  the  extract  by  rhigolene 
show  clearly  the  presence  of  acids  of  higher  molecular  weight. 

The  refractive  index  determined  by  the  Abb6  Zeiss  ref ractom- 
eter  was  1.4395  at  eS^'C. 

Hydroxy  Stearic  Adds. 

The  hard  wax>'  mixture  making  up  the  fraction  insoluble  in 
rhigolene  but  soluble  in  ether  and  constituting  15.8  per  cent  of 
the  entire  adipocere  gave  a  melting  point  of  71°C.  After  partial 
purification  the  crystals  obtained  melted  at  78-79®C.,  correspond- 
ing to  the  stearic  acid  of  Gregory  and  to  the  oxy  margaric  acid 
of  Ebert.  They  gave  an  acid  value  of  183.35,  corresponding  to  a 
molecular  weight  of  306.  (The  molecular  wei^t  of  hydrox}' 
stearic  acid  is  300.)  These  crj-stals  consisted  of  mixed  rhombic 
plates  and  long  quadratic  prisms. 

On  careful  fractional  crj-stallization  from  hot  ether,  two  well 
defined  acids  were  separated,  the  more  insoluble  separating 
from  hot  ether  at  room  temperature  in  prisms,  often  2  cm.  long, 
with  oblique  terminal  planes.     These  when  purified  by  r^crystal- 
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lation  melted  aharply  at  84.5°C.  From  the  mother  liquid 
'  cooling  to  0°C.  another  acid  with  an  entirely  different  habit 

crystallization  was  obtained  in  sm^  glistening  rhombic  plates 
elting  at  77-78°C.,  which  on  recrystaUization  finally  melted 

78.5°C.  These  two  acids  were  present  in  the  proportion  of 
nut  three  of  the  former  (melting  point  84.5°C.}  to  two  of  the 
tter  (melting  point  7S.5°C.)- 

On  acetylation  they  proved  to  be  monohydroxy  acids.  The 
etyl  value  was  obtained  with  difficulty  and  acetylation  was 
complete  even  when  boiled  with  acetic  anhydride  in  presence 

anhydrous  sodium  acetate  for  several  hours.  The  acetyl 
Jue  obtained  was  157.2.  The  theoretical  value  (rarely  attained 
perimentally)  of  monohydroxy  stearic  acid  is  164.  The  filtra- 
m  method  described  by  Lewkowitsch  (8)  was  employed.  The 
ctyl  value  shows,  however,  that  the  acids  were  monohydroxy 
ids,  and  the  molecular  weight  of  each  acid  calculated  from  its 
id  value  was  306,  which  points  to  monohydroxy  stearic  acid 
lol.  wt.  300)  and  not  to  hydroxy  margaric  (mol.  wt.  284). 
heir  silver  salts  gave  on  analysis  25.93  per  cent  and  25.97  per 
nt  of  silver.  The  theory  for  monohydroxy  stearic  acid  was 
i.53  per  cent,  and  for  hydroxy  margaric  acid  27.41  per  cent. 
In  its  general  and  physical  properties  the  acid  melting  at  84.5° 
«n8  to  be  identical  with  a  hydroxy  stearic  acid  prepared  from 
eic  and  the  so  called  "isooleic  acid."  It  corresponds  with  the 
hydroxy  stearic  acid  (produced  by  treating  a  solution  of  oleic 
ad  in  petroleum  spirit  with  sulfuric  acid),  whose  constitu- 
Dn  was  established  by  Shukoff  and  Schestakoff  (9)  in  1903. 
his  acid  gave  a  refractive  index  of  1.439  at  90''C.  Its  silver 
It  crystaUized  in  groups  of  short  spear-shaped  crystals.  At 
I'C.  100  gm.  of  absolute  ether  dissolved  2.02  gm,  of  the  acid. 
K)  gm,  of  absolute  alcohol  dissolved  1.87  gm.  at  0°C.,  and  9.17 
n.  at  20.7*'C.  Its  alcoholic  solution  was  optically  inactive. 
The  other  monohydroxy  stearic  acid  crystallizing  in  rhombic 
lates  and  melting  at  78.5°C.  is  not  described  in  the  literature 
id  may  be  peculiar  to  adipocere.  litis  acid  gave  a  refractive 
idex  of  1.443  at  81''C.  or  1.440  when  calculated  to  gCC,  practi- 
tlly  identical  with  the  i  acid  (1.439).  Its  silver  salt  crystallized 
I  king  silky  needles.  It  is  much  more  soluble  in  both  absolute 
iher  and  alcohol  timn  its  isomer;   100  gm.  of  absolute  ether 
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dissolved  3.48  gm.  of  the  acid  at  21°C.,  and  100  gm.  of  absolute 
alcohol  dissolved  4.41  gm.  at  O^'C,  and  17.70  gm.  at  20.7°C.  Its 
alcoholic  solution  showed  no  optical  activity. 

The  position  of  the  hydroxyl  group  in  the  molecule  of  this 
acid  has  not  yet  been  determined.  If  we  assimie  that  these 
acids  are  derived  from  oleic  acid,  it  seems  highly  probable  that 
it  is  the  hitherto  undescribed  ^hydroxy  stearic  acid.  It  has  been 
satisfactorily  established  that  the  double  linking  in  the  molecule 
of  oleic  acid  occurs  between  the  0  and  t  carbon  atoms;  i.e.,  in  the 
middle  of  the  molecide.  Unless  we  allow  the  possibility  of  another 
oleic  acid  in  pig's  fat  with  double  linking  in  a  different  place,  it 
seems  unlikely  that  the  hydroxyl  group  coidd  be  introduced 
elsewhere  in  the  acid  molecule  than  on  the  6  or  i  carbon  atoms. 

The  constitution  of  the  acid  melting  at  84.5°C.  has  been  proved 
by  Shukoflf  and  Schestakoflf  to  be  the  t-hydroxy  stearic  acid;  it 
seems  probable,  therefore,  that  its  isomer  has  the  hydroxyl 
attached  to  the  other  carbon  atom  with  double  linking;  m.,  the 
^atom. 

The  chemical  relation  of  these  acids  to  oleic  acid  is  evident 
from  the  following  formidas. 

Oleic  acid  CH,(CH,)7CH    =    CH(CH,)7C00H. 

OH 
I 
4-Hydroxy  stearic  acid  CHiCCHOtCH  CH,(CH,)tCOOH. 

OH 

I 
^-Hydroxy  stearic  acid  CH«(CH,)7CHtC(CHj)7COOH. 

H 

These  two  waxy  acids  then  represent  a  certain  portion  of  the 
fluid  oleic  acid,  resulting  from  hydrolysis  of  olein,  which  has 
become  fixed  through  the  assiunption  of  a  molecule  of  water  by 
each  molecide  of  the  imsaturated  oleic  acid.  As  stated  above, 
the  mixtiu-e  of  these  acids  was  noticed  in  adipocere  by  Gregory 
in  1847  and  called  stearic  acid,  and  was  also  described  by  Ebert 
in  1875  under  the  name  of  oxy  margaric  acid.  They  are  probably 
characteristic  of  all  adipocere. 

That  neither  of  these  acids  was  present  in  its  lactone  form  was 
satisfactorily  established.  The  saponification  and  acid  values 
of  each  acid  were  identical. 
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The  Residue  Insoluble  in  Ether, 

The  analysis  of  the  residue  insoluble  in  ether  gave  the  foUowing 
ircentage  composition. 

Calcium,  palmitate,  and  stearate SI  .04 

Calcium  hydroxy  atearate 13.76 

Total  calcium  soaps 74.8 

Excess  CaO 0.94 

Protein 11.27 

Ferf), 0.48 

MgO 0.24 

Silica,  etc 1.14 

Humus  and  uadetennined 11.13 

The  total  ash  was  0.578  per  cent  calculated  to  the  original 
lipocere.  The  calcium  soaps  were  decomposed  by  hydrochloric 
:id  and  the  dry  residue  containing  the  acids  was  extracted  with 
ligolene  as  before,  followed  by  a  second  extraction  using  ether 
i  a  solvent.  By  this  method  after  recrystallization  it  was  foimd 
lat  12.94  per  cent  of  the  total  residue  consisted  of  hydroxy  acids 
ad  57.2  per  cent  of  mixed  stearic  and  palmitic  acida.  The  acids 
jluble  in  rhigolene  gave  a  melting  point  of  65-66°C.;  and  an 
eid  value  of  197.2,  corresponding  to  a  mean  molecular  weight 
f  284,  showed  them  to  consist  largely  of  stearic  acid.  The 
ydroxy  acid  when  recrystallized  gave  a  constant  melting  point 
F  77-78°C.  and  a  molecular  weight  of  303.3  calculated  from  its 
cid  value.  This  is  the  ^hydroxy  stearic  acid;  no  prismatic 
rystals  of  the  more  insoluble  i  isomer  could  be  separated. 

The  Nitrogenous  Constituents  of  Adipocere. 

The  ammonia  was  determined  by  distilling  about  10  gm.  in 
tnmonia-free  water  with  excess  of  alkali.  The  mean  of  three 
eterminations  which  were  fairly  concordant  gave  0.0351  per 
ent  calculated  to  the  original  adipocere  or  0.0289  per  cent  of  N 
s  ammonia.  The  total  nitrogen  in  the  adipocere  was  determined 
y  the  Kjeldahl  method  and  the  mean  of  three  analyses  gave 
.1778  per  cent.  The  nitrogen  from  the  insoluble  residue  was 
1.1074  per  cent  and  was  calculated  to  protein. 

These  results  may  be  tabulated  thus: 
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N  as  ammonia 0.0289 

N  as  protein 0.1074  . 

N  soluble  (by  difference) 00415 

Total  N 0.1778 

The  above  result  of  the  study  of  the  nitrogenous  constituents 
of  adipocere  is  opposed  to  the  view  that  adipocere  contains  an 
appreciable  quantity  of  ammonium  soaps.  The  total  nitrogen 
is  chiefly  derived  from  the  fine  threads  of  dry  connective  tissue 
embedded  in  the  waxy  mass. 

SUMMARY  AND   CONCLUSIONS. 

In  this  conununication  an  attempt  has  been  made  to  obtain 
a  quantitative  analysis  of  mature  adipocere.  While  the  results 
are  not  of  the  same  order  of  accuracy  that  one  expects  in  an  in- 
organic analysis,  they  are  as  nearly  exact  as  oiu*  known  methods 
of  separation  permit  (Table  I). 

TABLE  I. 

Percentage  Composition  of  Hard  Clean  Adipocere  Wax. 

Palmitic  acid 67.52 

Stearic  acid 3.3 

Oleic  acid 5.24 

4-Hydroxy  stearic  acid 9.48 

^Hydroxy  stearic  acid 6.32 

Stearin  and  palmitin 1 .21 

Olein 0.16 

Unsaponified  matter 0.87 

Calcium  soaps 4.41 

Protein 0.665 

Ash 0.578 

Humus  and  undetermined 0.247 

The  fatty  acids,  traces  of  fats,  etc.,  soluble  in  ether,  constituted 
1V4.1  pex  cent  of  the  adipocere  and  gave  the  following  physical 

and  chemioal  constants. 

TABLE  II. 
Phu^ica*  (ttui  Chemical  Cor-ifttitttftits  of  thf  Ether  Soluble  MatUr. 

Sp.  (tr.  at  IWV 0.8436 

RefraotiNt*  imiex  at  (mT" 1 .436 

Melting  point 60-63*C. 

Acid  vHlue 201 . 7 

Sapi^nitic^tiv^n  value 207.0 

Knline  vnhio  . .  6.04 

Av^ct\  I  >-:iIuo  34.75 
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The  total  nitrogen  present  was  only  0.1778  per  cent,  of  which 
dy  0.0289  per  cent  was  ammonia  nitrogen. 
As  a  result  of  the  studies  recorded  in  this  paper  we  are  justi- 
jd  in  concluding  that  adipocere  is  the  residue  of  the  preexisting 
ta  of  animals.  It  is  composed  almost  entirely  of  the  insoluble 
.turated  fatty  acids  left  after  the  slow  hydrolysis  of  the  fats  in 
et  ground.  The  protein  matter  has  entirely  disappeared  and 
le  glycerol,  soaps,  etc.,  resulting  from  the  hydrolysis  have  been 
irried  away  in  aqueous  solution. 

The  insoluUe  hydroxy  stearic  acids  which  are  so  characteristic 
'.  adipocere  are  probably  derived  from  a  portion  of  the  oleic 
cid  in  the  original  fat  by  hydration. 

No  margaric  acid  or  oxy  margaric  acid  is  present.  Ammonia 
ad  other  soluble  soaps  are  absent;  calcium  soaps  alone  are  present 
1  small  quantity  in  a  matured  specimen  of  adipocere. 
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B  complete  and  0.5  mg.  will  be 
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any  desired  degree  of  fineness.  We 
through  a  60  mesh  sieve,  but  does 
3T  other  purposes  a  somewhat  coarser 
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One  remarkable  featxire  of  those  reagents  which  show  a  strong 
tendency  to  retain  a  part  of  the  absorbed  ammonia  is  that  the 
longer  the  anmionia  has  remained  in  the  absorbed  condition  the 
more  difficult  it  is  to  get  it  all  out.     While  we  beUeve  that  no 
reagent  will  be  sold  for  use  according  to  our  method,  which 
possesses  an  imusual  tendency  to  retain  the  ammonia  after  the 
addition  of  alkaU,  we  suggest  that  every  one  purchasing  a  supply 
of  the  reagent  shotdd  determine  for  himself  how  long  the  Nessler- 
ized  mixture  must  stand  to  develop  the  maximimi  amount  of 
color.    With  our  reagent  not  less  than  95  per  cent  of  the  theoreti- 
cal value  is  obtained  in  2  to  3  minutes,  and  substantially  theoreti- 
cal figures  are  obtained  in  10  to  15  minutes,  or  less.     If  the 
absorbed  ammonia  has  been  left  in  the  powder  over  night  the 
Uberation  of  the  ammonia  takes  a  Uttle  longer  and  a  deficit  of 
2  to  3  per  cent  may  remain. 

An  important  characteristic  of  this  reagent  for  the  absorption 
of  ammonia  is  that  it  does  not  appreciably  deteriorate  by  being 
used.  After  washing  away  the  Nesslerized  ammonia  and  sur- 
plus alkaU  first  with  water,  then  with  one  portion  of  2  per  cent 
acetic  acid,  then  once  more  with  water,  the  powder  remaining 
is  just  as  efficient  as  before  for  the  absorption  of  more  anmionia. 
We  have  made  as  many  as  eight  successive  quantitative  deter- 
minations of  1  mg.  of  ammonia  with  the  same  2  gm.  of  powder, 
and  at  the  end  the  powder  was  apparently  in  just  as  good  con- 
dition as  at  the  beginning. 


The  above  mentioned  repetitions  were  made  from  the  standpoint  of 
curiosity  rather  than  for  the  purpose  of  saving  the  reagent.  In  practice 
it  is  not  worth  while  to  restore  single  2  gm.  charges  of  the  powder.  We 
either  throw  the  powder  away  (though  naturally  not  in  the  sink)  or,  after 
a  brief  rinsing,  pour  it  into  a  cylinder.  When  so  collected  the  powder 
should  be  digested  with  warm  (60°C.)  1  per  cent  sodium  hydroxide  for 
about  an  hour  to  remove  ammonia  absorbed  from  the  tap  water.  After 
rinsing  away  the  ammonia  and  most  of  the  alkali,  it  is  treated  with  2  per 
cent  acetic  acid  till  no  longer  alkaline  to  phenolphthalein,  and  after  further 
washing  with  water  and  drying,  the  powder  is  again  ready  for  use. 

The  process  for  the  colorimetric  determination  of  ammonia  in 
urine  by  the  help  of  the  synthetic  zeolite  powder  is  as  follows: 

Transfer  about  2  gm.  of  the  powder  to  a  200  cc.  volumetric 
flask.    Add  about  5  cc.  of  water  (no  more),  and  with  an  Ostwald 
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The  knowledge  thus  acqiiired  enabled  us  to  proceed  to  the 
more  complex  problems  relating  to  the  degree  to  which  oomlnna- 
tions  of  two  natural  foods  in  various  proportions  supplement  the 
deficiencies  of  each  other.*  In  the  present  paper  we  present 
data  showing  the  supplementary  relations  between  the  oat  kernel 
and  isolated  food  factors.  The  results  may  be  briefly  summari^ 
as  follows: 

1.  The  oat  kernel  seems  to  contain  proteins  of  a  poorer  qualify 
than  either  the  maize*  or  wheat  kernel.'  9  per  cent  of  oat  pro- 
teins serve,  when  all  the  other  dietary  factors  are  properly  ad- 
justed, to  induce  a  small  amount  of  growth  in  the  beginning  of  the 
experiment,  but  cessation  of  growth  always  follows  after  about 
a  month  and  thereafter  the  animals  remain  stationary  in  weight 
or  decline  (Chart  6). 

2.  Casein  does  not  appear  to  supplement  the  proteins  of  the 
oat  kernel  in  a  very  satisfactory  manner.  The  addition  of  10 
per  cent  of  casein  to  9  per  cent  of  oat  proteins,  the  other  dietary 
factors  being  properly  adjusted,  does  not  induce  growth  at  the 
maximimi  rate  as  do  similar  combinations  of  casein  with  wheat 
proteins*  or  with  maize  proteins.*  Combinations  of  gelatin  and 
oat  proteins  in  about  equal  proportions  have  proven  in  our 
experience  uniformly  vastly  superior  to  the  similar  casdn  and 
oat  protein  combinations. 

3.  The  unidentified  dietary  factor  fat-soluble  A  is  present  in 
very  small  amount  in  the  oat  kernel.  It  is  not  possible  to  supple- 
ment the  oat  kernel  with  inorganic  salts  and  purified  protein 
so  as  to  induce  growth  beyond  the  3rd  month  (Chart  3).  The 
inclusion  of  butter  fat  or  some  other  substance  which  supplies  the 
imknown  A  prevents  the  failure  at  this  point  (Chart  5),  just  as  it 
does  in  experiments  where  the  ration  consists  of  purified  protein, 
salts,  carbohydrate,  and  an  extract  which  furnishes  the  dietary 
factor  B. 

4.  The  whole  oat  kernel,  with  the  hulls  removed  in  the  labora- 
tor>'  by  coarse  grinding  and  fanning,  wiU  not  induce  any  growth 
in  yoimg  rat^.  A  mixture  of  hulled  oats  or  rolled  oats  with  5 
per  cent  of  butter  fat  induces  very  slow  increase  in  body  weight 
for  at  least  125  da>-s  (Chart  1,  Lot  500). 


•  McCoUum.  Simmonds.  and  Piti.  Am,  J.  Physiol,,  1916.  xli,  333. 
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Iways  early  failure  with  loss  of 
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pplies  rolled  oats  supplemented  with 
with  an  additional  liberal  &mouat  of 
it  of  wheat  embryo.  In  experiments 
nt  of  wheat  embryo  supplies  enough 
he  normal  rate.'  5  per  cent  of  wheat 
of  protein  of  excellent  quality.*  The 
as  15  per  cent.  Even  when  thus  sup- 
irt  growth.  After  5  weeks  of  growth 
at  of  a  salt  mixture  of  suitable  com- 
e  than  half  the  normal  rate,  but  early 
as  supporting  the  evidence  that  the 
bjury  to  animale.     Its  effects  arc  not 

suitably  adj  Mated  as  respects  all  its 
lUB  injury  may  result  when  the  ration 
vitality  of  the  animal  is  lowered.  In 
m  paired  by  the  somewhat  low  content 
the  diet,  and  the  debilitating  effects 
i  reduction  in  the  oat  content  and  an 
lis  diet  is  so  modified  that  decline  in 

similar  diet  containing  oat  proteins 

(Chart,  9). 

uts  to  thrive  on  a  diet  of  rolled  oats, 
lidered  in  connection  with  the  other 
t  is  evident  that  the  character  of  the 
of  which  except  the  phosphorus  con- 

the  oat  kernel,  is  the  factor  which  is 
;d  with  this  food  mixture  (compare 
these  animals  to  respond  with  growth 
'6  weeks  of  stunting  indicates  lowered 
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Chart  9.  Lot  647  reveale  the  surprising  fact  tha 
with  oat  proteiDB  forme  a  decidedly  better  proteit 
casein  and  oat  prot«ins  (compare  Charts  5  and  9). 
shown  that  gelatin  supplements  well  the  proteins  o 
but  not  at  all  those  of  the  maize  kernel.'  Gelatin  wh 
source  of  protein  or  combined  with  maize  is  worthl 
bined  with  proteins  of  poor  quality  from  ceTtain  so 
biological  value. 

•McCollum,  Simmonds,  and  Pitz,  J.  Biol.  Chem.,  1916-17,  ; 
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e,  such  as  a  sugar,  an  amino- 
e  living  organism  at  a  constant 
ndency  is  toward  the  establish- 
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tself  of  the  substance  as  auoh, 
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of  a  unifonn  entry  rate,  the 
independently  without  affecting 
7BT  in  the  body  for  utilization 
ion  cannot  vary  independently 
ft  for  excretion,  and  since  it  ia 
tn  and  excretion  are  influenced 
nee,  so  the  occurrence  either  of 

a  constant  rate  of  metabolism 
ibrium.    Now  if  a  substance  of 

to  enter  the  body  of  a  higher 
I,  A,  tmtil  equilibriimi  is  estab- 
:  made  on  the  rates  at  which 
■Aope  processes  proceed  during 
in  under  parallel  conditions  the 
a  second  rate,  B,  bearing  to  A 
lip,  a  second  equilibrium  may 
ing  set  of  observations,  and  so 

quantitative  data  may  be  ob- 
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tained  of  a  type  which  should  favor  the  interpretation  of  more 
biological  processes  in  terms  of  quantitative  chemist^J^  We 
have  in  mind  especially  dissociation  and  the  laws  of  chemical 
eqniUbriiun.  In  a  similar  way  we  may  compare  the  effects 
produced  by  bringing  two  different  substances  separately  into' 
the  body  at  the  same  rate,  or  find  the  rates  at  which  two  or  more 
substances  have  to  be  given  in  order  to  produce  an  identical 
arbitrarily  selected  effect. 

Rates  and  Concentration. — ^To  establish  an  equiUbrium  during 
the  entrance  of  a  given  substance  into  a  given  animal  at  a  given 
rate  naturally  impUes  the  creation  of  some  constant  concentra- 
tion of  the  substance  in  the  body  as  a  whole,  providedy  however, 
the  volume  of  the  body  is  kept  coT^tant-—^  condition  which  is 
not  fxilfiUed,  for  instance,  when  in  spite  of  the  establishment  of 
an  equilibrium  for  one  substance  such  as  glucose,  there  is  no 
equiUbrium    with   respect   to    another   such   as   water.    What 
absolute  concentration  is  actually  produced  must  depend  on 
many  variables,  such  as  the  character  and  state  of  the  substance, 
the  species  of  animal,  its  physiological  condition,  the  physico- 
chemical  state  of  its  tissues,  etc.    This  absolute  value  could  only 
be  found  by  direct  experiment  for  any  specific  case.    To  estab- 
lish a  constant  concentration  in  the  body  as  a  whole  would  also 
imply,  of  course,  a  tendency  toward  the  establishment  of  constant 
concentrations  in  each  of  the  several  tissues  or  body  media  corre- 
sponding to  the  relative  solubiUties  of  the  substance  in  each,  in 
accordance  with  laws  which  pertain  to  the  partition  of  dissolved 
diflfusoids  among  the  phases  of  a  heterogeneous  system.     The 
absolute  values  of  these  could  also  be  foxmd,  if  at  all,  only  by 
direct  observation  in  specific  cases.     BtU  for  the  purposes  otd- 
lined  above  it  is  not  necessary  to  know  what  concentrations  are  at- , 
tained  either  in  the  body  as  a  whole  or  in  any  of  its  parts,  althoiigh 
xmder  conditions  otherwise  the  same  it  might  be  assumed  that 
they  would  vary  in  proportion  to  the  rates  at  which  the  substances 
entered  the  body.     In  the  case  of  simpler  marine  forms  it  is  a 
common  practice  to  control  the  rate  at  which  an  experimental 
substance  enters  the  organism  by  fixing  the  concentration  of  the 
substance  in  the  circumambient  liquid.     If  the  latter  is  changed 
frequently  enough,  or  if  its  volume  is  made  sufliciently  great  in 
proportion  to  the  mass  of  the  cells,  then  once  the  latter  have  ap- 
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proached  equilibrium  with  the  environment,  molecules  of  the 
;  into  the  organism  at  a  rate  &xed 

gas,  the  concentration  of  which  in 
I  volume  percentage  in  the  atmos- 

at  which  the  substance  enters  the 

fixing  its  concentration  in  the  air, 
1  the  case  of  higher  animals  when 
volatile  like  chloroform  and  ether, 
!ioxide,  for  the  sea  water  then  has 
rhe  application  of  these  principles 
iroua  workers  has  already  led  to 
the  case  of  higher  animals  and  non- 
Qte  entry  rate  through  the  expedient 

is  impradical,  and  recourse  must 
itry  rate  into  the  blood,  leaving  the 

not  possible  to  administer  a  sub- 
aneous,  or  other  indirect  routes 
t  which  it  will  be  taken  up  into  the 
is  injected  directly  into  a  vein,  the 
sustaining  the  injection  at  a  uni- 
time.  The  problem  of  controlling 
i  substances  are  brought  into  the 
isolves  itself  into  one  of  mechanical 

sfor  Apparatus. 

>uld  embody  as  many  as  possible 

In  general,  it  should  be  an  in- 

;,  portable,  quiet  in  operation,  for 

laboratory.     The  range  of  possible 

ts  to  meet  the  needs  of  experiments 
The  rate  control  should  be  conven- 
.rse  and  fine  adjustments  throiigb  a 
ress  of  a  single  experiment  without 
I  ready  adaptation  of  the  apparatus 
t  experiments  in  which  the  ranges 
utomatic  rate-registering  device  to 
ctual  delivery  rate  would  be  highly 
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desirable,  and  to  this  end  the  entire  action  of  the  mechanism 
should  be  positive  so  that  the  piimp,  when  running  at  any  par- 
ticular speed  shall  inevitably  move  a  corresponding  volume  of 
Uquid.  The  power  and  uniformity  of  adion  diould  be  such  that 
a  selected  delivery  rate  may  be  sustained  uniformly  for  2  to  24 
horn's  or  more,  with  little  attention  in  spite  of  variations  of  re- 
sistance such  as  may  arise  from  changes  of  blood  pressure  or 
partial  occlusions  of  tubing,  cannulas,  needles,  or  veins.  The 
a^xuracy  should  be  such  that  imcontrollable  errors  in  the  rate  of 
deUvery  shall  fall  within  the  limits  of  error  of  methods  available 
for  detecting  the  physiological  effects  of  such  variations. 

Parts  coming  into  contact  with  the  injection  fluid  should  be 
quickly  removable  and  replaceable  without  tools,  for  cleansing 
and  sterilization.  The  materialsBhould  be  selected  with  a  considera- 
tion of  their  solubility  in  various  injection  media  and  their  possible 
influence  on  the  organism.  Complex  or  delicate  adjustments, 
valves,  or  other  parts  requiring  imdue  care,  or  likely  to  bewme 
deranged  or  lost  dining  ordinary  use  or  cleaning,  should  be  avoided. 

Existing  Types  of  Apparatus, 

The  various  forms  of  apparatus  described  in  the  literature  fall 
into  three  classes:  (A)  Devices  in  which  pressure  is  imparted 
by  gravity  alone  and  the  rate  corrected  by  varying  the  size  of  the 
outlet.  (B)  Those  in  which  pressure  is  imparted  by  a  chamber 
of  compressed  air  and  the  rate  controlled  as  above.  (C)  Motor 
driven  pumps. 

It  is  unnecessary  to  consider  in  detail  the  disadvantageous 
features  of  apparatus  of  the  first  two  types.  The  most  notable 
use  of  a  gravity  device  for  prolonged  intravenous  injections  was 
in  the  experiment  of  Henriques  and  Anderson,^  who  perfused  a 
goat  iminterruptedly  for  20  days  with  a  fair  degree  of  accuracy. 
For  a  meter  they  used  an  ordinary  dropping  device  inserted  high 
up  in  the  tube  leading  from  the  reservoir,  a  system  which  would 
not  permit  of  a  wide  rate  variation  nor  a  change  in  the  character 
of  the  liquid  without  recalibration.  The  principle  of  gravity 
flow,   however  refined  and  perfected,   will  necessarily  involve 

» Henriques,  V.,  and  Anderson,  A.  C,  Z.  physioL  Chem.,  1913,  Ixxxviii, 
357. 
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Table  incoDTenience,  reoom- 
ations.  Apparatus  of  Type 
,*  Rohde,*  and  others.  Bulk, 
arable  solution  of  gases  under 
)erfect  rate  control,  eto.,  are 
riven  pumps  designed  espe- 
re  been  described  by  Brodie, 
iiry,  and  others.  The  prob- 
rever,  identical  with  that  of 
;he  living  animal.  For  per- 
!  given  especially  to  the  in- 
I  in  a  pulsating  stream,  and 
Is  and  the  form  of  the  puLse 

portability,   adaptability  to 

conditions,  the  convenient 
d  sterilization,  and  above  all 

of  rates  through  a  wide  range 
satures  of  prime  importsnoe. 

emphasis  has  not  been  laid 
id,  the  pulse  form  is  of  less 

ise  a  motor  driven  pump  for 
apparatus  consisted  of  two 
de  to  form  a  duplex  pump, 
were  screws  and  each  passed 
ia  a  bolt  is  screwed  through  a 
icrewed  the  pistons  in  or  out 
le  directions  of  their  rotation. 
iposite  directions  by  a  single 
ower  was  applied  to  the  pin- 
through  a  system  of  pulleys 
n  rods  was  screwed  out  to  the 
ontact,  reversing  the  direction 
ice,  a  double  three-way  valve 
els '  was  operated  by  electro- 
delivered  0.2  to  10  cc.  per 

Pkarm.,  1907.  Ivii,  428. 
1913,  iii,  SS. 
1907,  Ivii,  177. 
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min'itft  md  w2l*  'ii«e*i  in  a  -•tTiiiv  of  recAl  funetiQii.  Tic  priiicx|ife 
of  r^nr^^ir^  th*^  niotioa  of  -he  pL^jns  throxa^lL  the  mjotor  jo«i 
with  ^he  bei*.  nrai>n:>rioii  would  neceaauihr  inroiT^  im 
and  ?!i7ipfi^:*^.  In  1913  Friedenthal  and  WiZner  dexnonscrsted 
at  the  In*err.a*;*T*iI  Con4?reas  of  Physoiogists  in  Grocizi^en,  i 
**Prfiezijn^'^\^.yrUj^vAmr  concern ir^  the  detaiL?  of  wfasch  we  hare 
at  pr^^w^-nt  only  -he  f* /.lowing  pro^^ram  abstract:  '^Thc  int^ument 
flftrm^  the  p-ir|<r-e  of  nuikinj^  po^fole  the  injectioo  of  specified 
ftolu*ion>»  in  ^\)ft  time  desired  and  at  the  rate  wished.  It  allows 
several  f-xr^frimen  t^  to  he  conducted  .'^imultaneoody,  or  the  injccticii 
of  several  -"^^lutions  at  different  places  into  one  animaL  It  permits 
further  the  preparation  of  unstable  mixtures  directly  before  in- 
jerrtion.  TTie  ini-tniment  is  aLso  as  appropriate  for  the  most 
beautiful  anatomic  injections  as  it  is  for  physiologieal  and  espe- 
cially pliamiacolojpcal  and  therapeutic  injections."  This  is  per- 
hafiH  a  later  development  of  one  of  Friedmann's  earlier  perfusion 
pimips  with  multiple  cj-linders  operated  by  a  sn^  machine, 
de:*cribe<l  in  1910/  an  arrangement  which  would  not  be  selected 
for  the  greatest  exactness  of  rate  control.  In  a  report  published 
in  1915*  on  the  effects  of  prolonged  and  accurately  timed  intra- 
venous injections  of  sugar  are  a  cut  and  a  brief  descripUon  <rf  a 
machine  which  has  been  used  in  this  laboratory,  consisting  of  a 
glass  Ixirrel  and  a  metal  piston  driven  by  an  electrical  motor 
through  worm  and  gear  with  a  mechanically  operated  valve  and  a 
rhe<^>8tat  control.  The  model  to  be  described  presently  represents 
merely  a  refinement  of  this  machine.  Raeder^  has  also  mentioned 
using  a  motor  driven  Record  syringe  with  a  Bunsen  valve  to 
maintain  even  injections  of  salt  solutions  in  a  study  of  respiratory 
metabolism.  The  following  cuts  and  descriptions  are  of  an 
instnmicnt  built  for  us  by  William  Gaertner  and  Company, 
of  Chicago.  Mr.  Gaertner  has  embodied  in  it  original  solutions 
of  some  of  the  mechanical  problems  presented,  such,  for  instance, 
as  the  link  motion  to  meet  the  demand  for  a  rapid  means  of  ad- 
justing the  stroke  of  the  pump,  a  feature  which  greatly  increases 
the  comfort  of  operation. . 

»  Fricdmann,  E.,  Biochem.  Z.,  1910,  xxvii,  87. 

•  Woody att,  R.  T.,  Sansum,  W.  D.,  and  Wilder,  R.  M.,  /.  Am.  Med. 
i4««n.,  1915,  Ixv,  2067. 

'  RiKMlor,  J.  C,  Biochem,  Z.,  1915,  Ixix,  257. 
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New  Apparatus. 

The  apparatus  as  a  whole  comprises  two  elements:  (a)  the 
Fig.  1  shows  the  pump  unit 

2  shows  the  same  assembled 
he  machine.  Fig.  3  is  a  view 
ihowing  the  pump  to  one  side 
un  in  the  position  it  would 
cement. 

and  2)  consists  of  a  metal 
rlinder,  and  a  valve.  On  the 
he  block  by  which  the  piston 

carrier  block  of  the  driving 
id  glass  cylinder  consists  in 
ge  barrel  with  a  special  tip. 
letal  block  perforated  with  a 
nan  silver  core  to  fit.     The 

of  a  three-way  glass  cock,  is 
Iter  of  the  smaller  end  of  the 
the  direction  of  its  long  axis, 
ce  in  the  valve  block,  a  spring 

a  circular  milled  nut  screwed 
:  together  with  the  proper 
!  in   Fig.   1.     On    the   lower 

the  slot  to  receive  the  valve 

3  and  fro,  and  the  milled  set 
may  be  noted  that  the  pump 
geable  part  which  may  vary 
d  on  the  same  driving  base, 
eial  purposes  to  use  the  ma- 
volumes  of  liquid,  it  would  be 
for  this  purpose.  Since  the 
terally  to  zero  and  the  caliber 
sired,  the  lower  limit  of  the 
umped  per  minute  depends 
live, 

is  provided  by  an  electrical 
aay  be  desired  to  use  a  single 
!  the  current  available  differs 
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in  type,  that  shown  in  the  cut  (Fig.  3)  is  equipped  with  a  uni- 
versal motor  which  operates  with  any  110  to  120  volt  current. 
For  the  best  results,  as  with  any  motor,  it  is  essential  that  the 
commutator  be  kept  clean,  and  attention  has  been  given  to  the 
details  which  make  for  the  adequate  protection  and  accessilnlity 
of  this  part.  On  the  motor  shaft  in  front  of  the  motor  casing  is  a 
heavy  and  carefully  balanced  leaden  fly-wheel  F,  which  adds 
greatly  to  the  momentum  and  steadiness  of  the  machine  when 
nmning;  and  f mother  forward  the  shaft  is  coupled  through  a 
flexible  connecting  piece  with  a  worm  nmning  in  oil  on  ball 
bearings.  Only, the  protective  housing  of  the  worm  is  visible 
in  the  cut  at  W.  Engaging  with  the  worm  is  a  large  horizontal 
gear,  the  center  of  which  is  visible  at  G,  while  the  remainder  is 
likewise  encased  for  protection.  TJie  gear-wheel  shaft  bearings 
are  provided  for  in  a  heavy  pillar  which  forms  a  part  of  the  base 
casting  of  the  machine.  The  gear-wheel  revolutions  are  to  those 
of  the  motor  and  worm  as  1  to  200  (subject  to  change).  The 
motion  of  the  gear-wheel  is  transmitted  to  the  piston  of  the  pump 
through  a  system  of  links  and  levers  designated  on  the  cut  as  1, 
2,  3, 4,  and  5,  from  which  it  is  seen  that  one  revolution  of  the  gear- 
wheel corresponds  to  one  complete  oscillation  of  the  piston. 
These  links  are  so  arranged  that  the  length  of  the  piston  stroke 
may  be  set  (if  necessary,  while  the  machine  is  in  motion)  at  aero, 
35  mm.,  or  any  intermediate  value.  This  is  effected  at  the  lever 
2  with  the  scale  markings.  The  fixed  pivot  of  this  lever  is  be- 
neath the  end  nearest  the  syringe  under  the  letter  S  and  on  the 
lever  is  a  sleeve  (also  S)  which  can  be  fixed  in  any  position  by  a 
thmnb  screw.  The  link  3  is  pivoted  to  the  sleeve  S  and  the  length 
of  the  thrust  it  receives  depends  on  the  distance  of  the  sleeve 
from  the  pivotal  point  of  lever  2.  The  last  link  of  the  system  5 
imparts  its  motion  to  a  carrier  block  C  which  slides  on  a  guide  G. 
On  this  carrier  block  there  is  a  screw  with  a  milled  head  which 
serves  to  couple  in  place  the  block  at  the  end  of  the  pump  piston 
when  the  apparatus  is  assembled.  The  valve  of  the  pimip  is 
operated  by  an  eccentric  which  hes  beneath  the  gear-wheel.  The 
eccentric  is  in  fact  part  of  the  gear-wheel  casting.  Its  motion  is 
transmitted  to  the  eccentric  arm  E  (which  is  seen  in  the  cut  pivoted 
to  the  same  pillar  as  the  lever  4)  and  thence  forward  by  a*  link 
to  the  valve  lever  proper.  The  left  hand  end  of  this  hnk  is 
visible  but  the  valve  lever  does  not  show  in  the  photograph. 
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It  will  be  seen  that  in  this  machine  the  oscillations  of  the  piston 
e  directly  proportional  to  the  revolutions  of  the  motor  and 

valve  is  turned  forcibly  back  and 

stroke  as  an  integral  part  of  the 

If  the  valve  stops,  the  machine 

ken  or  disconnected.     Therefore, 

the  valve  and  a  wholly  avoidable 
□nnections,  the  amount  of  liquid 
£d  during  any  interval  is  directly 

strokes  and  this  to  the  velocity 
lake  it  practical  *to  provide  the 

for  direct  readings  of  the  delivery 

this  desirable  factor  has  not  been 
i\.  While  the  positive  nature  of 
ally  not  insure  against  leakage  due 

itself,  it  has  an  advantage  over 
ves  in  that  the  latter  may  be  pre- 

by  gumming  with  thick  liquids 
3  the  lodgment  of  small  particles 
Leaks  may  thus  develop  during 
ig  the  speed  of  the  machine  and 
le  fall  of  the  liquid  in  the  supply 
ralve  of  the  rotary  type  forcibly 
oience  is  virtually  eliminated  and 

a  meter  as  well  as  a  pimip. 
ity  of  the  delivery  rate  with 
rill  depend  practically  on  two  fac- 
.  they  are  made,  and  the  steadiness 
venly  balanced,  smooth  nmning 
t  worm  and  gears,  exact  centerings 
;ed  valves,  proper  oiling,  etc.,  are 
ire  satirfactory,  the  delivery  rate 
rrent  and  very  little  by  variations 
i  in  the  tubing  cannula,  needle,  or 
liave  now  been  subjected  to  heavy 
-atory  for  a  period  of  12  months. 

regularity  and  very  quietly;  the 
d  requires  more  attention  in  order 

They  will  aspirate  liquids  of  vary- 
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ing  viscosities  such  as  water,  citrated  blood,  or  glycerol  of  1.26 
specific  gravity,  from  burettes,  flasks,  beakers,  etc.,  placed  above  or 
below  them,  and  develop  sufiicient  pressure  to  b\u*st  an  ordinary 
rubber  deUvery  tube  if  the  latter  is  clamped  while  the  machine 
is  nmning,  and  this  without  materially  slowing  the  rate  of  the 
machine.  The  stream  emerging  from  an  open  deUvery  tube 
intermits  twenty  to  forty  times  per  minute  according  to  the 
number  of  strokes.  When  the  deUvery  tube  terminates  in  a 
needle  or  cannula,  the  elasticity  of  the  wall  tends  to  equalize  the 
pressure  and  an  undulating  stream  results.  The  stream  can  be 
made  continuoms  and  uniform  by  the  use  of  a  section  of  thin- 
walled  tubing  with  a  narrow  outlet  or  other  equaUzdng  device. 
For  intravenous  work  it  has  proved  satisfactory.  A  single  machine 
has  been  run  continuously  for  19  ho\u*s  by  Sansum  in  actual 
animal  experimentation,  and  they  might  be  run  for  days.  It  has 
not  been  foimd  difficult  to  make  the  quarter  hoiu*  and  hour 
discharge  fall  within  1  per  cent  of  the  desired  values.  With  a 
favorable  current  and  perfectly  constructed  machine,  no  attention 
whatsoever  may  be  required  for  hours  at  a  time  to  secure  a  uni- 
form rate  of  dehvery ;  but  if  the  current  fluctuates,  or  if  the  machine 
is  imperfectly  made  or  cared  for,  more  attention  will  be  necessary. 
By  the  rheostat  alone  the  rate  can  be  varied  to  a  nicety  between 
twenty  and  forty  strokes  to  the  minute  with  an  ample  working 
margin*  above  and  below.  When  the  barrel  of  the  pump  has  a 
bore  of  8  to  9  mm.,  or  about  that  of  an  ordinary  2  cc.  all  glass 
hjrpodermic  syringe,  the  deUvery  rate  may  be  varied  by  changing 
both  stroke  and  speed  from  1  cc.  to  80  cc.  per  minute  (60  to  4,800 
cc.  per  hour).  If  higher  rates  of  injection  or  aspiration  were 
caUed  for,  which  seems  improbable,  a  larger  barrel  could  be  used, 
while  the  use  of  a  barrel  corresponding  in  size  to  a  0.5  cc.  syringe 
permits  of  injection  at  rates  as  low  as  0.2  cc.  per  minute  (12  cc. 
hourly).  The  machine  could  be  adapted  readily  for  injections 
of  smaller  voliunes  per  minute,  but  this  has  not  been  done  with 
the  present  instruments.  By  the  use  of  two  (or  more)  machines 
with  the  discharging  needle  of  one  (or  more)  thrust  into  the  de- 
livery tube  of  another,  or  by  the  use  of  two  or  more  machines 
injecting  simultaneously  into  different  sites  in  the  same  animal, 
a  great  variety  of  experimental  combinations  is  made  possible. 
We  have,  for  example,  injected  a  standard  glucose  solution  at  a 
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mifoTm  rate  with  one  machine,  while  with  a  second  discharging 
nto  the  delivery  tube  of  the  first,  pure  water,  salt  solutions,  etc., 
uve  been  superadded  at  specified  rates.  The  power  of  aspirat- 
Qg  fluids  as  well  as  injecting  them,  and  to  aspirate  if  desired  at 
mown  rates,  holds  several  possibiUties. 

There  has  been  practically  no  inconvenience  arising  from  oc- 
clusions of  the  needles,  cannulas,  and  veins,  except  when  the 
lolution  itself  has  been  injurious  to  the  vessel  lining,  even  when 
njections  have  been  made  for  long  periods  into  small  veins, 
nich  as  the  ear  veins  of  a  rabbit. 

The  present  apparatus  is  doubtless  subject  to  variation  and 
urther  improvement.  For  special  purposes,  and  where  portabil- 
ity is  not  a  factor,  other  mechanical  solutions  of  the  problem 
night  be  preferred,  but  the  model  described  combines  several 
'an  ideal  instrument  and  it  has  proved  a  valuable 
equipment  of  the  ward  and  laboratory,* 

EXPLANATION  OF   PLATES. 


p  unit  taken  apart,  as  for  aterilization. 

ts  shown  in  Fig.  1  assembled  and  ready  for 


;hine  from  directly  above,  showing  the  pump  to  one  side 
iving  mechanism  in  the  position  it  would  assume  during 
lacement. 

ling. 

nter  of  gear-wheel. 

jinka  and  levers  which  transmit  power  from  gear-wheel 

eeve  on  lever  2  for  regulation  of  the  length  of  the  stroke. 
ick  with  post  for  fixation  of  the  outer  end  of  the  pump 

which  the  carrier  block  slides, 
um  for  valve  operation, 
loint  for  electrical  plug. 

ences  to  this  pump  have  been  made  by  Woodyatt, 
116,  and  Wilder,  R.  M.,  and  Sansum,  W.  D..  Arch.  Int. 
..  Later  reports  deal  further  with  application  of  these 
laratus. 
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FHE  EFFECT  OF  BILE  AND  BILE  SALTS  ON  THE  REAC- 
TION BETWEEN  OLEIC  ACID  AND  SODIUM 
BICARBONATE.* 

Bt  F.  B.  KINGSBURY. 

{From  the  Bioekemiad  Laboratory  of  the  Harvard  Medical  School,  BoHtm, 

and  the  Departnwnt  of  Phytiology  of  the  Univerntj/  of  Minnetota, 
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(Received  for  publication,  January  18,  1917.) 

More  than  half  of  the  fat  ingested  by  an  animal  is  absorbed  from 
the  small  intestine  as  an  aqueous  solution  of  its  fatty  acids,  or 
of  its  soaps,  or  of  both,  and  this  solution,  of  fatty  acids  in  partic- 
ular, is  efTected  by  the  bile. 

It  has  been  abown  by  Strecker  (1),  Marcet  (2),  LatechinoS  (3),  and 
Kohne  (4),  and  confirmed  by  Moore  and  Rockvood  (5)  that  fatty  acids  are 
soluble  in  bile.  It  wu  Bbown  by  Moore  and  Parker  (6)  that  oleic,  palmitic, 
And  stearic  acids,  and  their  sodium,  calcium,  and  msgneeium  salts  were  prac- 
tically insoluble  in  5  per  cent  bile  salt  solutions  unless  these  solutions 
contained  1  per  cent  of  lecithin. 

PflQger  (7),  assuming  that  the  alkali  of  the  intestine,  available  for  the 
neutralisation  of  fatty  acids,  is  sodium  carbonate,  attempted  to  show 
quantitatively  the  eSect  of  bile  on  this  neutralization.  His  method  was  to 
mix  bile,  sodium  carbonate  solution,  and  oleic  acid  or  other  fatty  acids, 
the  latter  being  present  in  amounts  equivalent  to  the  alkali,  and  after 
allowing  the  mixture  to  stand  at  37°  for  several  hours  to  eitract  the  re- 
maining free  fatty  acid  by  ether,  and  to  dry  and  weigh  it.  In  this  way  he 
found  in  oi^e  experiment  that  without  bile  the  neutralization  was  19  per 
cent  of  the  oleic  aoid  used,  but  in  the  presence  of  bile  it  was  10.57  per  cent 
only.    The  presence  of  bile  had  decreased  the  ability  of  the  two  substances 

These  low  neutralization  values  which  Ffltiger  found  ate  easily  ex- 
plained by  the  observation  of  Chevreul  that  soaps  hydrolyze  in  water 
solutions  yielding  free  alkali  and  free  fatty  acid.  This  fatty  acid  from  the 
hydrolyied,  preformed  soap  may  be  extracted  by  a  fat  solvent,  and,  there- 
fore, in  determining  the  amount  of  a  fatty  aoid  in  a  mixture  containing 

*  The  major  part  of  this  work  was  included  in  a  thesis  for  the  degree  of 
Boctor  of  Philosophy,  accepted  by  the  Division  of  Medical  Sciences  of 
Harvard  University. 
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soap  it  is  necessary  to  prevent  the  hydrolysis  of  the  soap.  In  a  later 
investigation  Pfliiger  (8)  found  that  neutral  oleate  yielded  24.5  per  cent 
of  its  combined  fatty  acid  as  free  fatty  acid  when  thoroughly  Extracted 
by  ether,  but  did  not  apply  this  large  correction  to  his  earlier  work  or 
admit  his  error.  Pfltiger's  experiments  have  been  repeated,  but  with 
different  results,  as  will  be  shown  later.  I 

Pfliiger' s  assumption  that  the  alkali  of  the  small  intestine  available  | 
for  the  neutralization  of  fatty  ^cids  is  soditon  carbonate  must  be  regarded  1 
as  entirely  without  foundation  in  fact,  as  the  following  evidence  shows. 

Auerbach  and  Pick  (9)  measured  the  hydrogen  ion  concentration  of  the 
intestinal  juice  of  dogs  and  found  it  to  be  1  X  10~'  normal,  and  taking 
into  consideration  the  disturbing  effect  of  the  small  amount  of  carbon 
dioxide  present,  assumed  that  this  was  only  a  minimal  value  and  that  the 
true  value  is  higher,  2  X  iO~'  normal,  which  is  little  less  than  that  of  blood. 
These  results  are  confirmed  indirectly  by  the  optimum  hydrogen  ion  con- 
centrations for  trypsin,  2  X  10~*  normal,  for  pancreatic  lipase.  1  to  2  X  10~' 
normal,  and  for  erepsin,  2  X  10~*  normal. 

McClendon  (10)  found  that  the  hydrogen  ion  concentration  of  the  duo- 
denal contents  of  normal  men  is  1  to  5  X  10"*  normal.  These  values  indi- 
cate that  the  reaction  of  the  small  intestine  is  very  faintly  alkaline,  cor- 
responding to  a  dilute  solution  of  sodium  bicarbonate,  perhaps  containing 
a  little  free  carbon  dioxide,  but  not  under  any  circimistances  to  a  solution 
of  sodium  carbonate,  no  matter  how  dilute  (11). 

Although  PflDger's  work  in  this  field  is  given  a  prominent  place  in  the 
text-books  of  physiological  chemistry,  a  careful  study  of  his  papers  shows 
that  he  started  on  a  wrong  assumption  and  that  much  of  his  experimental 
work  was  incorrect. 

Since  the  alkali  of  the  small  intestine  can  be  regarded  as  sodium 
bicarbonate,  the  extent  of  the  soap  formation  during  the  digestion 
of  fats  will  depend  upon  the  ability  of  this  alkali  to  neutralize 
fatty  acids.  It  is  the  purpose  of  this  paper  to  show  by  experi- 
ments in  vitro  that  the  presence  of  bile  or  bile  salt  solutions 
greatly  accelerates  this  neutraUzation,  with  the  formation  of 
more  soap  (in  some  cases  several  times  as  much)  than  is  formed 
in  the  same  time  and  imder  comparable  conditions  when  these 
substances  are  not  present. 

EXPERIMENTAL. 

The  problem  was  attacked  in  two  ways,  first  by  determining 
the  amount  of  imused  fatty  acid  (oleic  acid  was  taken  as  a  rep- 
resentative fatty  acid)  after  it  had  been  treated  with  sodiimi 
bicarbonate,  and  second  by  measuring  the  carbon  dioxide  given 
ofif  in  the  reaction. 
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Materidla. 

Oleic  acid  waa  made  from  a  high  grade  olive  oil  by  saponiSca- 
on  with  alcoholic  soda,  setting  free  the  fatty  acids  by  the  addi- 
on  of  dilute  sulfuric  acid,  and  subsequently  separating  the  oleic 
;id  by  the  lead  soap  procediu'e.  The  acid  so  obtained  had  an 
dine  number  96.9,  and  an  acid  number  196,  a^  compared  with 
1.07  and  198,  the  iodine  and  acid  numbers  of  the  pure  substance. 
;  was  nearly  as  colorless  as  water  and  was  used  in  all  the  experi- 
lents  unless  otherwise  specified. 

Sodium  oleate  was  made  by  exactly  neutralizing  oleic  acid 
I  alcohol  solution  with  alcoholic  soda,  with  phenotpbthalein  as 
idicator,  and  removing  the  alcohol  by  evaporation.  The  dry 
lap  in  absolute  alcohol  solution  reacted  neutral  to  phenolphtha- 
in,  1  gm,  of  it  requiring  only  one  drop  of  0.1  n  sodium  ethylate 
I  make  it  distinctly  alkaline. 

First  Method.     Prevention  of  Ihe  Hydrolysis  of  Soap. 

Solutions  of  sodium  oleate  in  water  were  made  up  to  the  fol- 
wing  concentrations:  0.1,  0.2,  0.3,  0.5,  and  1.0  per  cent.  100  cc. 
:  these  solutions  were  saturated  by  shaking  with  an  excess  of 
>lid  sodium  chloride  {40  gm.).  The  mixture  was  then  extracted 
ith  100  cc.  of  neutral  chloroform  in  foiu-  portions.  The  filtered 
[tract  with  the  rinsings  from  the  filter  paper  was  titrated  against 
1  N  sodium  ethylate  and  the  degree  of  hydrolysis  determined- 
he  results  are  shown  in  Table  I. 


TABLE  I. 

Frn  oleic  neld  in  Urn» 
of  nap. 

HydnAsO,. 

?OBp  ID  100  «.  of  solution. 

imi. 

ptranl 

urn. 

0.0162 

16.2 

O.IO 

0.0192 

9.6 

0.20 

0.0236 

7.8 

0.30 

0.0280 

5.6 

0.50 

0.0310 

3.1 

1.00 

It  is  seen  from  Table  I  that,  if  care  is  taken  to  have  the  con- 
totration  of  the  soap  as  great  as  1.0  per  cent,  the  hydrolysis,  as 
stennined  by  this  method,  is  a  matter  of  only  3.1  per  cent  as 
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compared  with  that  found  by  Pfltlger  (8)  of  24.5  per  cent  for  the 
oleate  and  21.4  per  cent  for  the  pahnitate  when  hydrol3r8is  was 
not  prevented. 

The  general  plan  of  the  experiments  was  as  follows:  5  cc.  of 
oleic  acid  (4.353  gm.)  were  pipetted  into  a  200  cc.  Erlenmeyer 
flask,  and  known  amoimts  of  sodimn  carbonate  or  bicarbonate 
and  26  cc.  of  fresh,  filtered  ox  bile  were  added.  In  the  cases  in 
which  bile  was  not  used  an  equivalent  vOlmne  of  water  was 
substituted.  Additional  amoimts  of  water  were  then  added  to 
make  the  contents  up  to  100  cc,  exclusive  of  the  oleic  acid.  The 
flask  was  shaken  for  a  minute  and  put  in  the  warm  room  at  37.5*^ 
for  15  to  20  hours.  At  the  end  of  that  time  the  mixture  was 
saturated  with  soUd  sodium  chloride  and  extracted  with  neutral 
chloroform  as  previously  described.  The  filtered  extract  was 
made  up  to  250  cc,  25  cc.  aUquots  were  titrated  against  0.1  n 
sodium  ethylate,  and  the  amount  of  neutralization  was  deter- 
mined.   The  results  are  shown  in  Table  II. 


TABLE  XL* 

No. 

Temper- 
aturo. 

Water. 

Bile. 

NaHCOf 

NaaCOt 

Oleic  add 
reoovered. 

Com- 
bined. 

Free. 

• 

•c. 

ee. 

cc. 

on. 

gm. 

ffm. 

percent 

percent 

2 

37.5 

100 

1.298 

3.238 

26.6 

74.5 

3 

37,6 

200 

0.8188 

2.668 

38.9 

61.1 

4a 

37.6 

76 

26 

4.210 

3.3 

96.7 

4b 

37.6 

76 

26 

4.263 

2.1 

97.9 

6 

37.6 

75 

26 

4.010 

7.8 

92.2 

7 

37.5 

75 

25 

0.60 

2.787 

36.9 

64.1 

8 

37.5 

100, 

0.60 

3.832 

11.9 

88.1 

*  6  cc.  of  oleic  acid  (4.363  gm.)  were  used  in  each  experiment. 

As  shown  in  Table  II,  amoimts  of  sodium  bicarbonate  and 
carbonate  equivalent  to  the  oleic  acid  were  used  in  Experiments 
2  and  3.  A  consideration  of  these  experiments  shows  that  the 
neutralization  of  oleic  acid  by  sodium  bicarbonate  is  25.5  per 
cent  only.  With  sodium  carbonate  there  is  a  greater  soap  forma- 
tion, 38.9  per  cent,  but  in  neither  case  is  the  reaction  complete. 
In  an  experiment  similar  to  Experiment  3,  Pfluger  foimd  that  the 
neutraUzation  with  sodium  carbonate  was  only  19  per  cent,  but 
it  has  already  been  noted  that  this  was  due  to  the  extraction  of 


F.  B.  Kingsbury 


371 


Q  excess  of  oleic  acid  from  tbe  pr^ormed  but  hydrolyzed  sodium 
leate. 

A  comparison  of  Experiments  7  and  8  shows  that  the  presence 
F  bile  makes  the  reaction  with  sodium  bicarbonate-more  complete 
tun  is  otherwise  tbe  case.  That  this  cannot  be  accounted  for 
y  the  alkali  of  tbe  bile  itself  is  shown  by  the  low  neutralization 
alues  obtained  in  Experiments  4  a,  4  b,  and  6. 

Experiments  7  and  8  were  repeated  using  20  cc.  of  a  10  per 
mt  barium  chloride  solution.  The  use  of  this  reagent  entirely 
revented  the  hydrolysis  of  the  preformed  soap,  as  ^own  by  the 
ict  that  oleic  acid  could  be  quantitatively  determined  in  the 
resence  of  sodium  oleate.  This  was  learned  from  several 
xperiments.  The  chloroform  extract  was  boiled  to  remove 
races  of  carbon  dioxide  which  are  easily  extracted  from  mixtures 
ontaining  it  and  possess  titratable  values.  The  results  are 
hown  m  Table  III. 


TABLE  ni. 

No. 

B^. 

CanbiDHlalBiiiuid. 

Fn»o[«ewid. 

7a 

8» 

25 

53.7 
27.6 

4fl.3 
72.4 

Table  III  shows  that  the  increase  in  tbe  amount  of  oleic  acid 
leutralized  by  sodium  bicarbonate  in  the  presence  of  bile  over 
hat  without  bile  was  26.1  per  cent.  In  Experiment  7  there  was  a 
imilar  increase  of  24.0  per  cent.  The  effect  of  bile  is  marked 
'Qd  is  exactly  the  opposite  from  that  found  by  Pfliiger  in  a  sunilar 
^Eperiment  with  sodium  carbonate,  bile,  and  oleic  acid. 

Attempts  to  use  this  method  of  analysis  with  bile  salts  in  place 
if  bile  failed  because  of  the  troublesome  emulsions  formed.  The 
econd  method,  that  of  determining  the  carbon  dioxide  production 
A  an  index  of  soap  formation,  was  therefore  resorted  to.    . 


Second  Method. 

Air  was  drawn  through  a  tower  (A)  containing  solid  potassium 
lydroxide  into  a  cylinder  (B),  23  cm.  high  by  5  cm.  internal 
liameter,  having  a  slightly  constricted  opening  fitted  with  a  three 
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hole  rubber  stopper.  The  entrance  tube  from  (A)  reached  to  the 
bottom  of  the  cyUnder  and  had  a  perforated  bulb  at  the  lower 
end  to  decrease  the  size  of  the  entering  air  bubbles.  Nearly  at 
the  top  of  this  tube,  just  imder  the  stopper,  was  placed  a  rubber 
washer  to  prevent  the  froth  from  entering  the  exit  tube.  The 
stem  of  a  small  dropping  fmmel  was  inserted  through  the  second 
hole.  The  third  hole  of  the  stopper  contained  the  exit  tube  which 
was  connected  to  a  smaller  cylinder  (C)  one-quarter  full  of  con- 
centrated sulfiu*ic  acid;  and  this  in  turn  was  attached  to  a  cal- 
cium chloride  U-tube  (D).  The  calcium  chloride  in  this  tube 
had  been  satiu*ated  with  carbon  dioxide  and  the  excess  removed 
by  washing  with  carbon  dioxide-free  air.  The  U-tube  (D)  was 
directly  connected  with  a  potash  bulb  of  the  Wetzlar  type  guarded 
from  back  suction  of  air  and  water  by  a  large  U-tube  (F)  contain- 
ing soUd  potassium  hydroxide  and  calcium  chloride  in  alternate 
layers. 

Air  was  drawn  through  the  apparatus  by  connecting  the  U- 
.  tube  (F)  with  a  large  aspirating  bottle  from  which  the  water 
flowed  by  gravity  into  a  large  graduated  cylinder.  In  order  that 
the  experiments  might  be  made  comparative,  the  rate  of  flow  of 
the  carbon  dioxide-free  air  which  ventilated  the  apparatus  was 
made  as  imiform  as  possible  in  the  several  experiments. 

The  sodium  bicarbonate  solution  was  approximately  0.5  n 
and  was  standardized  in  the  apparatus  by  adding  an  excess  of 
10  per  cent  sulfuric  acid  slowly  from  the  dropping  funnel  in  the 
cylinder  (B)  and  drawing  air  through  the  apparatus  imtil  the 
weight  of  the  potash  bulb  remained  constant.  5  cc.  of  the  bicar- 
bonate solution  were  used  in  each  experiment.  5  cc.  of  Merck's 
oleic  acid,  an  amoimt  in  excess  of  the  bicarbonate,  were  used. 

Bile  salt  was  prepared  from  ox  bile  according  to  the  method  of 
Tengstrom  (12),  and  was  that  fraction  obtained  from  the  ferric 
chloride  precipitate  by  decomposing  it  with  sodimn  carbonate. 
The  bile  salt  was  completely  separated  from  the  contaminating 
sodium  chloride  and  carbonate  by  repeated  extractions  with 
absolute  alcohol.  Analysis  showed  that  the  salt  contained  a 
small  amoimt  of  sulfur  and  was  therefore  glycocholate  slightly 
contaminated  with  taurocholate.  A  2  per  cent  solution  was  used. 
This  reacted  neutral  to  Utmus  and  phenolphthalein,  but  slightly 
alkaline  to  alizarin  red.     10  cc.  of  the  solution  could  be  made 
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listinctly  acid  to  this  indicator  by  the  addition  of  0.05  cc.  of 
3.1  N  hydrochloric  acid.' 

Certain  bile  salts  were  found  to  be  soluble  in  oleic  acid,  as  is 
ilso  bile  it&elf  under  certain  conditions,  and  these  solutions 
srystallize  out  on  standing.  In  one  experiment  a  solution  of 
bile  salt  in  oleic  acid  was  used. 

Shark  bile  salt,  the  fraction  not  precipitable  by  ferric  chloride, 
and  therefore  corresponding  in  properties  to  the  tatirocholate 
af  ox  bile,  was  used  in  one  experiment. 

In  two  experiments  lecithin  and  sodium  oleate  were  substituted 
for  bile  salt. 

Method  of  Procedure. 

5  cc.  of  oleic  acid  were  pipetted  into  the  dry  reaction  cylinder 
(B)  with  15  cc.  of  bile  or  bile  salt  solution  and  carbon  dioxide- 
free  air  drawn  through  the  apparatus  with  the  potash  bulb  in 
place  until  all  the  carbon  dioxide  from  the  carbonates  {if  bile  was 
used)  had  been  removed.  This  preliminary  procedure  was  found 
unnecessary  with  bile  salt  solutions. 

The  cylinder  (B)  was  opened,  5  cc.  of  bicarbonate  solution 
were  quickly  introduced  by  a  pipette,  and  the  cylinder  was 
closed.  A  known  volume  of  air  was  then  drawn  through  the 
apparatus  and  the  time  recorded.  The  stop-cocks  on  the  tube 
(D)  were  then  closed,  preventing  the  escape  of  carbon  dioxide, 
the  potash  bulb  was  weighed  as  quickly  as  possible,  and  im- 
mediately put  back  in  place.  This  operation  was  repeated  until 
the  weight  of  the  potash  bulb  remained  constant  after  two  or 
three  periods.     All  experiments  were  done  at  room  temperature, 

'  On  standing  a  ahort  time  a  2  per  cent  eolution  of  aodium  glycocholate 
becomes  turbid  and  a  flocculeat  precipitate  falls  out.  If  a  fresh  solution 
is  inmedialely  diluted  with  water  to  G.2  per  cent,  it  becomes  milky  and 
in  a  short  time  a  small  quantity  of  crystals  forms.  This  is  thought  to  be 
due  to  a  hydrolysis  of  the  salt  with  the  formation  of  free  bile  acid,  since 
the  crystals  were  difficultly  soluble  in  hot  water  and  exhibited  other  char- 
acteristics of  bile  acid.  A  trace  of  alkali  prevents  this  precipitation  or 
erystalliiation. 
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PROTOCOL. 


Total  time  eUpied. 


Total  volume  of  aH>irated  air. 


Total  COa  evolved. 


1.*  10  cc.  water. 

6  cc.  NaHCX)|. 

10  CO. 

10  per  cent  HsS04. 

min 

ce 

mn 

16 

1,000 

67 

36 

1,700 

98 

190 

4,700 

108 

t 

290 

6,700 

109 

320 

6,600 

109 

2.*  16  cc.  water.    6  cc.  NaHCOi. 

6 

cc.  oleic  acid. 

30 

2,300 

6 

80 

4,600 

11 

202 

6,200 

20 

387 

10,660 

36 

697 

16,460 

48 

3.  16  cc.  undiluted  ox  bile.    6  cc.  oleic  acid.    Partial  emulsion. 


30 
86 


12 
12 


6 

cc.  NaHCOt  solution  added. 

20 

1,160 

80** 

60 

2,360 

103** 

96 

3,400 

106** 

130 

6,026 

108** 

210 

8.226 

108** 

4.  16  cc.  10  per  cent  bile  (containing  about  1  per  cent  bile  salt).    6  cc. 
oleic  acid.    3,000  cc.  of  air  used  to  remove  the  trace  of  CX)s  from  the 
bile,  and  6  cc.  NaHCOs  solution  added.         t 


17 

1,260 

66 

42 

1,860 

76 

79 

3,260 

96 

149 

4,660 

103 

203 

6,660 

103 

*  This  experiment  was  repeated  and  the  results  were  confirmed. 
••  Exclusive  of  the  12  mg.  of  COj  from  the  bile. 
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Total  COiaTolTsd. 


:.  6  per  cent  bile  (ooattuuing  about  0.5  per  cent  bile  salt), 
oleic  acid.    5  cc.  NaHCOi  solution.    Partial  emulsion. 


mtn- 

cc 

mg. 

17 

950 

22 

43 

1,700 

62 

84 

2,800 

76 

lOO 

4,800 

97 

247 

6,400 

102 

317 

8,700 

104 

372 

9,600 

104 

B.  1  per  cent  bile  (containing  about  0.1  per  cent  bile  salt), 
acid.    5  cc.  NaHCOi  solution.    Very  alight  emulsion. 


IS 

850 

12 

44 

1,750 

33 

79 

3,220 

02 

189 

6,200 

S4 

229 

6.600 

92 

2U 

7,450 

95 

394 

9,950 

100 

7.  15  cc.  Nft  glycocholate,  2  per  cent  aolution. 
NaHCOi  solution. 


15 

1,000 

42 

34 

1,750 

72 

126 

2,700 

102 

172 

6,450 

106 

212 

8,050 

106 

250 

9,650 

106 

IS  cc.  1.3  per  cent  shark  bile  salt.  5  cc.  oleic  acid.    5  cc.  NaHCOi  solution. 
Blank  determination  on  bile  salt  and  oleic  acid  gave  no  COi- 


15 

800 

33 

35 

1,850 

76 

100 

3.350 

101 

160 

4.976 

108 

185 

6,476 

106 
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TROTOCOlr-Coneluded. 


Total  time  elapeed. 


Total  volume  of  aspirated  air. 


Total  COr  evolved. 


9.  15  cc.  water.    5  cc.  oleic  acid.    0.2  gm.  lecithin  (Merck's).    5cc.  NaHCOt 

solution. 


mtn.  . 

ce. 

mg. 

15 

1,050 

9 

40 

1,925 

21 

191 

3,925 

49 

10.  15  cc.  water.    5  cc.  oleic  acid  containing  dissolved  bile  salt.    5  cc. 

NaHCOs  solution.    Partial  emulsion. 


15 

1,000 

52 

35 

1,850 

90 

100 

3,050 

95 

168 

4,650 

102 

198 

5,250 

103 

228 

6,100 

104 

268 

7,100 

104 

11.  15  cc.  1  per  cent  Na  oleate  solution.    5  cc.  oleic  acid. 

solution.    Partial  emulsion. 


5  cc.  NaHCOi 


19 

1,400 

9. 

45 

2,400 

16 

115 

4,200 

29 

180 

5,500 

37 
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Explanation  of  Charts, 


No.  of 

cxpcn* 

ment. 

1 

10  cc. 

10  per 

cent  H2SO4, 

5  cc. 

NaHCOa 

solution, 

15  cc.  water. 

2 

5    " 

oleic  acid, 

6  " 

« 

it 

15  "       " 

3 

5    " 

ti 

ti 

5  " 

« 

it 

15  "  ox  bile. 

4 

6    " 

11 

« 

5  " 

tt 

it 

15  "     10   per 
cent  ox  bile. 

5 

5    " 

ii 

i( 

5  " 

tt 

it 

15  cc.  5  per 
cent  ox  bile. 

6 

5    " 

11 

» 

5  " 

tt 

it 

15  cc.  1  per 
cent  ox  bile. 

7 

.5" 

it 

u 

5  " 

It 

it 

15  cc.  2  per 
cent  bile  salt. 

8 

6    " 

u 

« 

5  " 

tt 

tt 

15  cc.  shark 
bile  salt. 

9 

5    " 

it 

u 

6  " 

tt 

ti 

15  cc.  1.3  per 
cent  lecithin 

10 

5    " 

tt 

u 

5  " 

ti 

it 

15  cc.  water  + 
bile  salt  in 
oleic  acid. 

11 

5    " 

tt 

« 

5  " 

it 

tt 

15  cc.  1  per 
cent  Na  ole- 
ate. 

Charts  A,  B,  and  C  show  the  results  of  these  experiments 
graphically.  It  will  be  noted  that  the  curve  of  the  velocity  of 
the  reaction  between  sulfuric  acid  and  sodium  bicarbonate  imder 
the  experimental  condition^  is  similar  to  that  of  oleic  acid  on 
sodium  bicarbonate  in  the  presence  of  undiluted  bile,  as  shown 
by  Curves  1  and  3. 

A  comparison  of  Curves  2,  3,  and  7  shows  how  marked  is  the 
effect  of  bile  or  bile  salt.  A  2  per  cent  solution  of  sodium  glyco- 
cholate  is  not  so  effective  as  bile  which  contains  approximately 
10  per  cent  of  bile  salts,  as  is  to  be  expected.  Curves  4  and  7 
show  that  10  per  cent  bile,  in  which  the  concentration  of  bile  salt 
is  approximately  1  per  cent  has  the  same  effect  as  a  2  per  cent 
solution  of  the  bile  salt  itself.  This  added  effect  of  bile  is  prob- 
ably due  to  the  presence  of  pseudo  mucin,  since  Moore  and  Rock- 
wood  (5)  found  that  the  removal  of  this  substance  from  bile 
rendered  the  latter  practically  incapable  of  dissolving  fatty  acids. 
Lecithin  and  sodium  oleate  increase  the  velocity  of  this  reaction, 
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but  are  not  so  effective  as  1  per  cent  bile,  having  a  concentration 
in  bile  salt  of  approximately  0.10  per  cent,  shown  by  Curves  6, 
9,  and  11.  Moore  and  Parker  (6)  found  that  bile  salt  itself  had 
almost  no  solvent  effect  on  fatty  acids,  but  that  if  it  contained 
1  per  cent  of  lecithin  its  solvent  effect  was  comparable  to  that 
of  bile.  Shark  bile  salt  has  the  same  effect  as  ox  bile  salt,  shown 
by  Curve  8.  Bile  salt  dissolved  in  oleic  acid  acts  similarly  to 
the  same  substance  dissolved  in  water,  shown  by  Curve  10. 

The  effect  of  bile  is  strikingly  shown  by  a  comparison  of  Ebcperi- 
ments  2  and  3.  In  the  former  the  soap  formation  corresponds 
to  48  mg.  of  carbon  dioxide  in  11  hours.  In  the  latter,  in  the 
presence  of  bile,  the  soap  formation  corresponds  to  80  mg.  of 
carbon  dioxide  in  20  minutes. 

CONCLUSION. 

While  it  is  dangerous  to  apply  conclusions  from  simple  experi- 
ments of  this  kind  to  the  actual  conditions  in  the  small  intestine 
during  the  digestion  and  absorption  of  fat,  it  seems  reasonable 
to  believe  that  the  presence  of  bile  makes  possible  a  much  greater 
soap  formation  from  the  fatty  acids  Uberated  dming  digestion 
than  could  otherwise  be  the  case  with  an  alkali  as  weak  as  sodixmi 
bicarbonate.  A  consideration  of  the  physical  properties  of  bile 
and  bile  salt  solutions  would  lead  one  to  expect  the  results  ob- 
tained, but  it  seems  of  value  to  have  demonstrated  this  experi- 
mentally. Attention  is  called  to  the  fact  that  all  of  Pfltiger's 
work  in  this  field,  published  in  several  papers  and  cited  in  text- 
books of  physiological  chemistry,  is  based  on  the  erroneous 
assumption  that  the  alkaU  of  the  small  intestine,  available  for 
the  neutralization  of  fatty  acids,  is  sodium  carbonate;  and  that 
much  of  his  experimental  work,  based  on  this  wrong  assumption 
is,  in  his  earlier  papers  at  least,  incorrect,  because  of  an  inadequate 
analytical  procediu'e. 

I  am  grateful  to  Professor  Otto  Folin,  who  suggested  this 
problem,  for  many  helpful  suggestions  and  a  constant  interest  in 
the  work. 
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VARIATIONS  m  THE  COMPOSITION  OF  HUMAN  MILK 
DURING  THE  FIRST  ELEVEN  DAYS  AFTER 

PARTURITION. 

Br  FREDERICK  S.  HAMMETT. 

(From  the  Department  of  Chemistry. of  the  College  of  Physicians  and  Surgeons, 
Medical  Department  of  the  University  of  Southern  California,  Los  Angeles.) 

(Received  for  publication,  December  22,  1916.) 

By  a  study  of  the  variations  in  the  composition  of  human  milk 
during  the  first  few  days  of  lactation  it  is  possible  to  assist  in  an 
understanding  of  the  metabolic  changes  taking  place  when  the 
organism  takes  upon  itself  the  function  of  food  production  as 
distinct  from  the  elaboration  of  another  individual.  That  this 
change  in  fimction  must  be  accompanied  by  deep-seated  meta- 
bolic changes  is  obvious.  Hence  if  it  is  possible  to  trace  regular 
variations  in  the  most  evident  milk  constituents,  these  variations 
may  be  traced  to  related  processes  in  the  mother. 

Although  innumerable  analyses  have  been  made  to  determine  the  per 
cent  of  protein,  fat,  and  lactose  in  milk,  there  is  a  definite  lack  of  infor- 
mation as  to  their  interrelationship  and  variation  in  the  same  individual 
on  several  successive  days. 

The  literature  up  to  1874  is  thoroughly  reviewed  by  Gorup-Besanez  (1). 
The  nearest  approach  to  work  of  this  nature  is  the  report  of  Clemm  (2) 
obtained  from  the  study  of  one  subject.  Tidy  (3)  gives  the  average  of 
analyses  of  composite  samples  taken  during  the  first  week  after  parturition. 
Camerer  and  Soldner  (4,  5,  6),  in  a  series  of  three  papers,  give  the  results 
of  their  anal3rses  of  fifty-seven  samples  of  the  composite  milk  from  many 
women,  and  tabulate  them  with  respect  to  the  time  after  parturition. 
Meigs  and  Marsh  (7),  following  the  example  of  Tidy,  report  on  the  analyses 
of  five  composite  samples  taken  between  the  5th  and  9th  days  after  par- 
turition. The  information  presented  in  these  papers  is  of  great  value 
and  serves  as  a  standard  by  which  other  results  of  a  similar  general  nature 
can  be  compared.  They  are,  however,  lacking  in  detail  of  advantage  to 
the  present  problem. 

Vemois  and  Becquerel  (8),  THereti^r  (9),  Kuhn  (10),  Lehmann  (11), 
Hinchcliflf  (12),  Farrington  (13),  Penny  (14),  Eckles  and  Shaw  (15),  Eckle* 
and  Palmer  (16),  and  others  have  demonstrated  that  in  general  the  pro- 
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duction  of  cow's  milk  is  influenced  by  various  factors,  such  as  breed,  consti- 
tution, agie,  feed,  stage  of  lactation,  interval  between  milking,  indi- 
viduality, disease,  etc.  Notwithstanding  this  multiplicity  of  interfering 
factors  the  basic  principles  upon  which  milk  production  is  accomplished  are 
stable,  and  it  is  not  illogical  to  suppose  that  a  certain  uniform  variability 
in  composition  can  occur  during  tiie  progress  of  adjustment.  It  is  iht 
purpose  of  this  report  merely  to  point  out  these  regularities  in  variation 
since  sufficient  data  are  not  yet  at  hand  to  permit  definite  conclusions  ts 
to  their  cause. 

The  subjects  of  this  investigation  were  healthy  patients  in  the 
Los  Angeles  Coimty  Hospital.  The  diet  was  the  same  for  all 
throughout  the  period  of  study.  The  milk  production  of  eight 
women  was  studied. 


DatB.  Case.  Dufte. 

t9te  IM 

1 Aug.  aO-Sept.  7         5 Nov.  Ml 

2 Oct.  6-14                 6 "    3-11 

3 "  17-25                  7 "    5-13 

4 "  17-25                 8 "    5-13 

The  milk  was  collected  by  means  of  the  breast  pump  at  the 
same  hour  on  the  3rd,  5th,  7th,  9th,  and  11th  da3rs  after  parturi- 
tion. Inasmuch  as  the  patients  are  dismissed  from  the  hospital 
the  12th  day  after  delivery,  milk  collected  thereafter  would  have 
been  subjected  to  the  influence  of  diet  variation. 

The  total  nitrogen,  fat  (lipoids),  and  lactose  were  determined  in  the 
fresh  milk  as  sent  to  this  laboratory  inmiediately  after  collection. 

The  total  nitrogen  was  estimated  by  the  microchemical  modification 
of  Ejeldahrs  digestion,  devised  by  Folin  and  Farmer  (17).  The  fat  w«« 
determined  by  Meigs'  (7)  method.  The  lactose  was  determined  in  the 
protein-free  filtrate  by  the  use  of  Fehling's  solution,  with  occasional  polari- 
scopic  corroboration.  Acetic  acid,  lead  acetate,  and  heat  were  the  pro- 
tein precipitants  used.  All  results  are  calculated  to  the  basis  of  gm.  of 
constituent  in  100  gm.  of  milk. 

Total  Nitrogen. 

In  looking  over  the  figures  published  by  various  investigators 
it  seems  as  if  the  milk  produced  by  the  women  of  this  country 
during  the  first  11  days  of  lactation  is  somewhat  lower  in  total 
nitrogen  content  than  is  that  of  those  abroad. 
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TABLE  I. 

A  Comparison  of  the  Averages  from  the  Total  Nitrogen  Determinations  in 
Milk  of  the  6th  to  the  11th  Days  after  Parturition, 


Totol  nitroiDii. 

Souroe. 

Author. 

ptretnt 

0.278 

Average  of  the  analyses  of  13  com- 

SOldner (4). 

posite  samples. 

Camerer  and  SOldner. 

(5,  6). 

0.244 

Average  of  the  analyses  of  5  com- 
posite samples. 

Meigs  and  Marsh,  (7). 

0.255 

Average  of  the  analsrses  of  31  indi- 
vidual samples. 

Hammett. 

Further  variations  in  nitrogen  content  are  considered  together 
with  the  variations  in  protein  production. 

The  figures  of  Soldner  and  Camerer  are  taken  from  their  third 
paper  wherein  they  collect  into  one  table  the  results  of  their  whole 
series  of  analyses. 

Protein. 

Much  work  has  been  carried  on  in  an  attempt  to  differentiate 
between  the  various  forms  of  nitrogen-containing  substances  in 
milk  in  order  that  a  true  picture  of  the  protein  output  can  be 
calculated.  A  discussion  of  this  phase  is  beyond  the  scope  of  the 
present  paper.  While  Camerer  and  Soldner  (4,  5,  6)  use  the 
factor  6.26,  and  Eckles  and  Shaw  (15)  6.38,  Hawk  (18)  advocates 
the  use  of  6.37  as  the  figure  by  which  to  multiply  the  total  nitro- 
gen in  milk  in  order  to  obtain  the  protein  production.  This  last 
factor  has  been  used  in  our  calculations. 

In  Table  II  wiU  be  foimd  the  per  cent  of  protein  in  the  milk 
of  eight  women  for  the  3rd,  5th,  7th,  9th,  and  11th  days  after 
parturition. 

Group  Variations  for  Each  Day. — An  inspection  of  the  table  will 
show  that  th^  limits  within  which  the  individual  protein  produc- 
tion may  occur  suffer  a  marked  narrowing  between  the  3rd  and 
the  5th  dajrs  of  lactation,  the  subsequent  variation  limits  decreas- 
ing more  gradually  until  on  the  11th  day  the  maximmn  variation 
from  the  mean  is  =fc  18  per  cent. 
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TABLE  n. 

The  Per  Cent  of  Protein  and  Total  Nitrogen  in  Human  Milk  on  the  Srd,  Sih^ 

7th,  9th  f  and  11th  Days  after  Parturition, 


Cane. 

1 

2 

1 

3                            4 

5 

Day. 

Protein. 

Total 

N. 

Protein. 

Total  Protein. 

'^^   Protein. 

Total 

N. 

Protein. 

TMal 

N. 

3 
5 

7 

• 

9 
11 

1.99 
1.62 
1.49 
1.91 
1.64 

0.312 
0.255 
0.235 
0.307 
0.258 

5.79 
1.97 
1.83 
1.77 

« 

0.908  4.81 
0.310  1.90 
0.287   1.65 
0.277  1.70 

,  1.59 

1 

0.755'  2.06 
0.298  1.58 
0.260  1.60 
0.267  1.55 
0.250  1.41 

0.322 
0.248 
0.252 
0.244 
0.221 

5.09 
2.32 
1.92 
1.82 
1.38 

0.800 
0.364 
0.301 
0.286 
0.216 

Average 

1.73 

0.271 

2.84 

0.453  2.33 

0.365  1.64 

1 

0.257 

2.50 

0.392 

Case. 

fl                        7 

8                Average. 

1 

High.               Low. 

^y*       tein. 

Total 

N. 

Pro- 
tein. 

Total 

N. 

Pro- 
tein. 

Total 

N. 

Pro- 
tein. 

Total 

N. 

Pro- 
tein. 

Total 

N. 

Pro- 
tein. 

Total 
N. 

3 
5 

7 

9 

11 

3.64 
1.66 
1.38 
1.40 
1.35 

0.570 
0.261 
0.216 
0.220 
0.212 

1.82 
1.57 
1.38 
1.47 
1.18 

0.286 
0.247 
0.216 
0.231 
0.184 

2.96 
1.29 
1.64 
1.78 
1.70 

0.465 
0.203 
0.258 
0.279 
0.267 

3.52 
1.74 
1.61 
1.60 
1.46 

0.552 
0.274 
0.254 
0.264 
0.229 

5.79 
2.32 
1.91 
1.93 
1.70 

0.908 
0.364 
0.301 
0.307 
0.267 

1.82 
1.29 
1.38 
1.40 
1.18 

0.286 
0.203 
0.216 
0.220 
0.184 

Average  1.88 

0.295  1.49 

1 

0.233  1.87 

0.293 

2.00 

0.314  2.73 

! 

0.428;  1.41 

1 

0.222 

Group  Variations  from  Day  to  Day, — Coincident  with  the  narrow- 
ing of  the  limits  within  which  the  protein  production  occurs  there 
is  a  decline  in  the  actual  per  cent  of  protein  content  of  the  milk, 
and  it  is  during  the  period  of  most  marked  decrease  in  diver- 
gency that  the  most  evident  decrease  in  protein  content  takes 
place. 

Individual  Variations  from  Day  to  Day. — These  show  the  same 
tendency  towards  a  decrease  with  the  progress  of  lactation. 

Individual  Variations  from  the  Group  Average  for  the  Single  Days, 
— From  a  quaUtative  point  of  view  the  individual  variation  from 
the  group  average  for  each  day  tends  to  be  uniformly  above  or 
below  that  figure.  This  leads  to  the  conclusion  that  the  pro- 
tein production  plane  is  fixed  for  the  individual,  is  independent 
of  the  plane  of  nutrition,  and  is  dependent  on  the  individuality, 
thus  fundamentally  correlating  the  findings  of  Eckles  and  Palmer 
(16)  in  their  studies  on  the  milk  production  of  the  cow. 
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Fat. 

All  reports  agree  that  the  most  variable  milk  constituent  is  the 
fat.  Hence  it  is  not  surprising  that  a  comparison  of  the  averagea 
of  various  composite  samples  shows  no  consistent  variations* 

TABLE  m. 

A  Comparison  of  the  Averages  from  the  Fat  Determinations  in  Milk  of  the 

6th  to  the  nth  Days  after  Parturition. 


Fbt. 

Author. 

VtT  cent 

3.18 
2.45 
3.25 

Sdldner,  Camerer  and  S5ldner  (4,  5,  6). 

Meigs  and  Marsh  (7). 

Hammett. 

In  Table  IV  there  is  a  tabulation  of  the  results  of  the  fat  de- 
terminations on  the  milk  of  the  eight  subjects  studied. 

TABLE  IV. 

The  Per  Cent  of  Fat  in  Human  Milk  on  the  Srd,  6th,  7th,  9th,  and  ilth  Days 

after  Parturition. 


Day. 

1 

2 

3 

4 

5 

12.70 

ft 

7 

8 

Avcr- 
aCB. 

High. 

Low. 

4 

3 

2.41 

2.84 

4.14 

1.92 

3.99 

3.61 

3.20 

4.34 

12.70 

1.92 

5 

2.61 

2.80 

2.79 

2.12 

3.69 

4.26 

1.89 

2.86 

2  88 

4.26 

1  H9 

7 

3.97 

'6.79 

1.81 

2.98 

2.50 

4.21 

3.83 

6.28 

3.80 

6.79 

1.81 

9 

4.67 

4.16 

2.28 

2.62 

2  86 

3  88 

4.08 

6.11 

3.70 

5.11 

2.28 

11 

3.37 

2.44 

1.92 

3.08 

3.93 

5.02 

3.89 

3.38 

6.02 

1.92 

Average.. 

3.41 

3.92 

2.69 

2.31 

4.98 

4.06 

3.67 

4.07 

3.62 

6.58 

2.00 

Group  Variations  for  Each  Day. — If  we  except  the  imusually 
high  fat  per  cent  foimd  in  the  milk  from  Case  5  on  the  3rd  day 
there  are  no  regularly  occurring  changes  in  the  limits  within  which 
the  fat  per  cent  of  himaan  milk  may  be  found  diu-ing  the  early 
days  of  lactation.  On  the  11th  day  the  maximum  variation  from 
the  mean  is  =^44  per  cent,  a  much  greater  divergency  than  that 
present  in  the  protein  production. 

Group  Variations  from  Day  to  Day. — From  a  quantitative 
standpoint  the  averages  published  by  Camerer  and  Soldner  (6) 
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and  the  results  herein  reported  show  an  increase  in  the  fat  pro- 
duction after  the  3rd  day. 

Individual  Variations  from  Day  to  Day. — ^These  show  no  tend- 
ency towards  a  diminution. 

Individual  Variations  from  the  Group  Average  for  the  Singk 
Days, — If  we  consider  the  direction  of  variation  from  the  average, 
it  is  demonstrated  that  here  as  well  as  with  the  protein  pro- 
duction there  exists  an  individual  tendency  to  uniformity  of 
production  plane.  Inasmuch  as  the  fat  production  is  individu- 
ally so  extremely  variable  it  is  not  surprising  that  the  level  of 
the  production  plane  fails  to  maintain  the  same  degree  of  con- 
sistency as  is  shown  by  the  protein.  Nevertheless  the  tendency 
is  present  and  is  of  sufficient  degree  to  afford  still  further  evidence 
that  the  principle  stated  for  protein  production  holds  good  in  a 
like  manner  for  the  fat  production  of  the  lactating  woman. 

Lactose. 

The  average  lactose  content  of  human  milk  from  the  5th  to 
the  11th  days  after  parturition  according  to  various  published 
reports  is  foimd  in  Table  V.  As  far  as  these  figures  go  they 
show  that  the  American  investigators  find  a  higher  sugar  pro- 
duction diu-ing  the  early  days  of  lactation  than  do  those  abroad. 
If  the  differences  are  vaUd  they  are  significant  of  a  higher  lactose 
production  plane  in  the  subjects  of  the  former  workers. 

TABI^  v. 

A  Comparison  of  the  Averages  from  the  Lactose  Determinations  in  Milk 

of  the  6th  to  the  11th  Days  after  Parturition, 


Laotoae. 

« 

Author. 

per  cent 

3.86 

Gorup-Besanez  (1),  Ciemm. 

6.14 

Gonip-Besanez  (1),  Tidy. 

6.99 

Camerer  and  Sdldner  (6). 

6.53 

Meigs  and  Marsh  (7). 

6.17 

Hammett. 

Table  VI  gives  the  results  of  the  analyses  for  lactose  of  the 
samples  of  milk  from  the  eight  women  studied. 
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TABLE  VI. 

The  Per  Cent  of  Lactose  in  Human  Milk  on  the  Srdy  5th,  7thy  9thy  and  11th 

Days  after  Parturition, 


Dmy. 

1 

3 

4 

5 

0 

7 

8 

Aver- 
age. 

High. 

Low. 

3 

6  49 

6.20 

4.63 

6.51 

2.31 

5.72 

6.11 

5.44 

5.43 

6.49 

2.31 

5 

6.44 

4.15 

6.56 

6.81 

4.96 

6.52 

6.86 

6.33 

6.08 

6.86 

4.15 

7 

6.71 

5.72 

6.56 

5.95 

5  85 

6.49 

6.67 

5.70 

6.21 

6.71 

5.70 

9 

5.76 

6.11 

6.81 

5.91 

5.91 

6.86 

6.78 

6.44 

6.32 

6.86 

5.76 

11 

6.58 

6.81 

6.73 

5.37 

6.81 

6.58 

6.04 

6.42 

6.81 

5.37 

Average.. 

6.40 

5.55 

6.27 

6.38 

4.88 

6.48 

6.60 

5.99 

6.09 

6.74 

4.66 

Gfowp  Variations  for  Each  Day, — The  variations  of  the  Umits 
within  which  the  lactose  per  cent  is  found  show  a  fairly  well 
marked  tendency  towards  a  narrowing.  The  maximum  varia- 
tion at  the  11th  day  is  only  ±6  per  cent  from  the  mean,  a  much 
lower  value  than  that  observed  for  either  protein  or  fat. 

Group  Variations  from  Day  to  Day. — ^These  figures  like  the  results 
of  Camerer  and  Soldner,  show  from  the  quantitative  standpoint 
an  increase  in  lactose  production  for  the  period.  Underlying 
these  group  variations  there  must  be  metaboUc  variations  of 
an  important  nature. 

Individital  Vartations  from  Day  to  Day. — ^These  gradually 
become  less  and  less  and  are  finally  confined  within  rather  narrow 
limits. 

Individual  Variaiions  from  the  Group  Average  for  the  Single 
Days. — ^The  variation  of  lactose  per  cent  production  shows  for 
the  individual  the  same  qualitative  imiformity  of  production 
plane  as  is  shown  by  both  protein  and  fat. 


Variaiions  in  the  Constituents. 

In  an  extended  study  of  the  daily  variations  in  the  milk  con- 
stituents of  the  cow  Hinchcliflf  (12)  foimd  that  an  increase  or 
decrease  in  fat  content  was  usually  accompanied  by  an  opposite 
change  in  the  per  cent  of  sugar  or  protein. 

In  order  to  study  the  variations  in  the  constituents  of  human 
milk  I  have  calculated  the  per  cent  variation  for  each  constituent 
from  day  to  day  and  tabulated  them  in  Tables  VII,  VIII,  and  IX. 
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TABLE  VIL 
Tfie  Per  Cent  Variation  in  Protein  Per  Cent  from  Day  to  Day. 


ti% 

Caae. 

^Da 
after 
turiti 

1 

2 

3 

4 

5 

6 

7 

« 

3-  5 

-18.6 

-65.9 

-60.4 

-23.3 

-54.4 

-54.4 

-13.7 

-43.4 

5-7 

-  8.0 

-  7.1 

-13.2 

1.2 

-17.1 

-16.9 

-14.1 

27.1 

7-9 

17.8 

3.3 

3.0 

-  3.1 

-  6.2 

1.5 

6.5 

8.5 

9-11 

-16.1 

-  6.5 

-  9.0 

-24.2 

-  3.6 

-19.7 

-  4.5 

TABLE  Vm. 

The  Per  Cent  Variation  in  Fat  Per  Cent  from  Day  to  Day. 


Days 
after  par- 
turition. 

Case. 

1 

2 

3 

4 

5 

6 

7 

8 

3-5 

8.2 

-  1.4 

-32.6 

10.4 

-71.0 

6.8 

-46.2 

-10.6 

5-  7 

52.1 

106.8 

-35.1 

40.6 

-32.3 

-1.2 

102.6 

84.6 

7-9 

78.9 

-28.3 

25.9 

-12.1 

14.0 

-7.9 

6.5 

-  3.2 

^11 

-27.8 

7.0 

-26.7 

8.1 

1.3 

23.0 

-23.9 

TABLE  IX. 

The  Per  Cent  Variation  in  Lactose  Per  Cent  from  Day  to  Day. 


Days 

after  par- 
turition. 

Case. 

1 

2 

• 

3 

4 

5 

6 

7 

8 

3-5 

-  0.8 

-34.6 

41.7 

4.6 

114.7- 

13.9 

12.3 

16.3 

5-7 

4.2 

37.7 

* 

-12.6 

17.9 

-  0.5 

-2.8 

-10.0 

7-  9 

-14.2 

6.8 

3.8 

-  0.7 

1.0 

5.7 

1.6 

12.9 

^11 

14.2 

t 

* 

13.9 

-  9.1 

-  0.7 

-  3.0 

-  6.2 

*  No  change. 
t  No  result. 

Arbitrarily  throwing  out  all  variations  less  than  3  per  cent, 
it  is  seen  that  for  hiunan  milk  it  can  be  stated  that  during  the 
first  11  days  after  parturition  with  an  increase  or  decrease  in  lactose 
production  there  is  a  general  tendency  Unvards  the  opposite  change 
in  fat  or  protein  production. 

The  most  marked  reciprocal  relationship  exists  between  the 
fat  and  lactose.  Underbill  and  Baumann  (19),  in  a  series  of 
comparative  analyses  of  blood  sugar  and  blood  fat,  have  found 
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a  similar  relationship  to  exist  in  the  blood  of  dogs  poisoned  by 
hydrazine.  They  find  that,  "blood  fat  shows  an  increase  to  a 
mfximiim  which  is  coincident  with  the  condition  of  hypoglycemia 
induced  by  hydrazine/'  That  such  an  interdependency  should 
exist  in  such  widely  divergent  cases  is  worthy  of  note,  and  is  sig- 
nificant of  close  relationship  of  fat  and  carbohydrate  metabolism. 

SUMMABT. 

In  summing  up  the  variations  observed  in  the  chemical  com- 
position of  human  milk  during  the  first  11  days  after  parturition, 
it  is  necessary  to  consider  them  both  from  the  quantitative  and 
from  the  qualitative  points  of  view. 

From  the  quantitative  point  of  view  fat  and  lactose  increase 
in  amoimt  diu*ing  the  period  studied,  while  there  is  a  falling  off 
in  the  production  of  protein. 

If  we  accept  as  an  index  of  variability  the  individual  variation 
from  the  group  average,  and  the  individual  variation  from  day 
to  day,  the  three  constituents  fall  into  the  following  order  of 
decreasing  variability:  /oi,  proteiriy  lactose.  This  order  is  changed 
to  fat,  lactose,  protein,  when  we  consider  the  qualitative  aspect 
in  regard  to  the  group  changes  in  variation  limits  and  the  group 
uniformity  of  change  in  production  direction. 

The  protein  mechanism  is  apparently  the  best  regulated  and 
is  less  dependent  upon  the  factors  controlling  the  fat  and  lactose 
production  than  they  are  on  each  other. 

For  the  single  constituents  there  is  a  production  plane  imi- 
fonn  for  the  individual  subject.  This  plane  of  production  is 
fixed  for  the  individual,  independent  of  the  plane  of  nutrition 
and  dependent  on  the  individuality. 

An  increase  or  decrease  in  the  lactose  production  is  generally 
accompanied  by  a  change  in  the  opposite  direction  in  the  per 
cent  of  fat  and  protein.^ 

^To  the  Superintendent  of  the  Los  Angeles  County  Hospital  are  due 
my  acknowledgments  of  his  kindness  in  allowing  me  to  obtain  the  material 
for  this  piece  of  work.  It  was  through  the  eflforts  of  Dr.  Lyle  G.  McNeile 
that  the  collection  of  the  samples  was  efficiently  carried  out. 
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THE  RATE  OF  UREA  EXCRETION. 

m.  THE  EFFECT  OF  CHANGES  IN  BLOOD  UREA  CONCENTRATION 

ON  THE  RATE  OF  UREA  EXCRETION. 

Bt  T.  ADDIS  AND  C.  K.  WATANABE. 

{Prom  the  Laboratory  of  the  Medical  Division  of  Stanford  University  Medical 

School,  San  Francisco.) 

(Received  for  publication,  January  22,  1917.) 

On  one  side  of  the  ureans^creting  cells  of  the  kidney  there  is 
blood  and  on  the  other  side  there  is  urine.  The  rate  of  urea 
excretion  is  the  rate  at  which  these  cells  transfer  urea  from  blood 
to  urine.  Under  these  circumstances  it  seems  probable  that 
changes  in  the  concentration  of  urea  in  the  blood  will  have  an 
effect  on  the  rate  of  urea  excretion. 

If  the  concentration  of  urea  in  the  blood  were  the  only  factor 
governing  the  rate  of  excretion,  it  would  be  possible  to  obtain  a 
direct  measure  of  its  effect  by  determinations  of  the  rate  at 
different  levels  of  blood  concentration.  But  we  have  already 
shown^  that  the  rate  may  vary  when  the  blood  concentration 
remains  constant,  and  that  there  may  be  considerable  differences 
in  the  rate,  even  when  the  concentration  of  urea  in  the  urine  as 
well  as  in  the  blood  is  constant.  It  is  therefore  certain  that 
other  factors  besides  the  urea  concentration  of  the  fluids  on  either 
side  of  the  kidney  cells  exercise  a  determining  influence  on  the 
rate  of  excretion.  And  unless  these  other  factors  can  be  kept 
constant,  any  observed  rate  of  excretion  may  be  higher  or  lower 
than  that  which  would  have  resulted  had  the  blood  concentration 
been  the  only  operative  factor. 

We  have  not  succeeded  in  framing  experimental  conditions 
under  which  we  could  be  sure  that  this  necessary  constancy  was 
attained.  This  of  course  was  to  be  expected,  since  some  factors 
which  seem  likely  to  influence  the  rate  of  work  of  the  kidney 

>  Addis,  T.,  and  Watanabe,  C.  K.,  /.  Biol.  Chem.,  1916,  xxiv,  203. 
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cells,  as,  for  instance,  the  rate  of  flow  of  blood,  could  not  be 
directly  controlled  in  our  experiments.  But  we  have  found  that 
under  certain  conditions  these  unknown  and  uncontrolled  factors 
tend  to  increase  the  rate  of  urea  excretion  above  that  usually 
found  at  the  observed  blood  concentration,  while  under  other 
conditions  the  rate  tends  to  be  decreased.  Since  these  factors 
alter  the  rate  in  both  directions,  an  average  of  a  number  of 
observations  at  different  levels  of  blood  concentration  will  give 
an  approximation  to  the  efifect  of  blood  concentration  alone.  The 
acciu*acy  of  this  approximation  will  depend  on  the  degree  to  whidi 
these  observations  represent  an  equal  distribution  between  in- 
stances where  the  rate  has  been  increased  imder  the  influence 
of  other  factors  than  blood  concentration,  and  those  in  which  it 
has  been  decreased. 

The  general  method  we  have  followed  was  to  estimate  the 
average  blood  lu-ea  concentration  for  intervals  of  16  to  120  min- 
utes during  which  the  urine  was  collected.  The  rates  of  urea 
excretion  were  expressed  as  gm.  of  urea  per  hour.  Points  were 
plotted  on  a  scale,  so  that  the  ordinates  were  equal  to  these  rates, 
and  the  absciss®  to  the  corresponding  measures  of  blood  urea 
concentration.  The  curve  drawn  through  these  points.  wiD 
measure  the  efifect  of  changes  in  blood  m^a  concentration  on  the 
rate  of  urea  excretion  more  or  less  accurately  according  as  the 
above  condition  has  been  fulfilled. 

The  subjects  were  adults,  at  or  below  35  years  of  age,  who  were 
free  from  any  sign  of  kidney  disease. 

The  higher  levels  of  blood  xirea  concentration  were  obtained 
by  the  administration  of  urea  in  doses  of  20,  30,  or  40  gm.  of  urea, 
the  intermediate  by  observations  taken  before  or  after  the  con- 
centration had  reached  its  maximum  following  urea  ingestion, 
while  a  considerable  variety  of  lower  concentrations  was  found 
in  subjects  who  had  taken  no  lu'ea. 

The  conditions  as  regards  food  and  water  intake  were  very 
variable.  In  some  experiments  no  food  was  taken  for  as  long  as 
20  hoiu-s,  in  others  considerable  quantities  of  urea-forming  food 
had  been  consumed.  The  water  intake  varied  from  no  water  for 
12  hours  or  more  before  an  experiment  to  quantities  of  1,500  cc 
before,  and  large  quantities  diu*ing  the  period  of  observation. 
No  experiments  in  which  drugs  were  given  are  included. 
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Collections  of  urine  were  made  over  periods  which  were  made 
as  short  as  was  compatible  with  accuracy,  and  the  average  blood 
urea  concentration  for  each  of  these  periods  was  calculated.  The 
error  in  the  actual  estimation  of  urea  in  the  blood  is  small  in 
comparison  with  the  possible  error  which  might  arise  in  cal- 
culating an  average  concentration  over  a  period  of  time  from  the 
concentration  found  during  a  few  moments  of  that  time.  For 
the  blood  urea  concentration  is  constantly  changing,  and  it  does 
not  follow  that  the  concentration  found,  at  the  middle  of  a  half 
hour  period  accurately  represents  the  average  concentration 
throughout  the  whole  of  that  time.  As  a  rule,  however,  changes 
in  urea  concentration  rise  or  fall  fairly  evenly  over  periods  of 
hours.  The  majority  of  oiu*  observations  were  made  in  consecu- 
tive series  extending  over  3  to  12  hours,  and  the  blood  urea  was 
determined  every  hoilr  or  every  half  hour.  In  this  way  a  curve 
of  urea  concentration  was  obtained  and  from  this  the  average 
concentration  for  each  period  was  calculated.  This  was  particu- 
larly useful  in  those  experiments  in  which  urea  was  administered, 
for  there  the  concentration  rose  and  fell  from  a  maximum. 
Where  there  was  a  smooth  cm^e  of  this  sort  there  was  probably 
little  error  in  the  calculation  of  the  average  concentration  for 
each  period,  except  for  that  period  in  which  the  maximimi  was 
attained. 

There  is  still  another  possible  soiu*ce  of  error  in  connection 
with  the  determination  of  the  blood  urea  concentration.  In 
experiments  of  the  type  we  are  concerned  with,  it  seems  to  have 
been  tacitly  assumed  that  the  concentration  of  lu'ea  found  in 
blood  removed  from  an  arm  vein  is  the  same  as  the  concentration 
which  exists  in  the  blood  reaching  the  ureansecreting  cells  of  the 
kidney.  But  since  we  know  that  urea  is  not  secreted  by  the 
glomeruli^  and  have  reason  to  conclude  that  a  large  part  of  the 
water  of  the  mine  is,  it  seems  Ukely  that  the  concentration  of  the 
blood  which  leaves  the  glomeruli  is  higher  than  that  of  the  sys- 
temic blood  in  proportion  to  the  amount  of  water  abstracted  from 
it  in  the  glomendi.  In  experiments  in  which  the  voliune  of 
urine  is  very  large,  it  is  conceivable  that  the  difference  thus 
produced  might  lead  to  appreciable  error. 

The  estimation  of  m^a  in  the  urine  was  done  in  duplicate. 
As  in  the  case  of  the  blood  m^a,  the  greatest  source  of  error  is 
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probably  not  the  technical  one,  which  can  be  measured,  "but  one 
arising  from  the  conditions  under  which  the  experiments  vere 
conducted.  Especially,  we  believe,  in  cases  in  which  the  urine 
volume  was  small,  considerable  error  may  sometimes  have  re- 
sulted from  incomplete  emptying  of  the  bladder.  The  subjects, 
however,  were  asked  to  take  special  pains  to  make  urination 
complete,  and  where  the  urine  volumes  were  small,  the  periods 
over  which  the  rate  of  excretion  was  determined  were  lengthened. 
In  such  cases  more  than  one  estimation  of  blood  urea  coDcen- 
tration  was  sometimes  made  for  each  period. 

Part  of  the  data  has  been  given  in  tabular  form  in  a  previous 
paper,'  though  a  considerable  number  of  observations  made 
since  that  time  have  been  added. 

All  the  observations  made  under  these  varying  physiolqpcat 
conditions  have  been  plotted  in  Fig.  1.  The  general  trend  reveab 
the  existence  of  a  relationship  between  the  concentration  of  urea 
in  the  blood  and  the  rate  of  urea  excretion.  The  curve  shows 
the  theoretical  quantitative  effect  of  any  given  degree  of  change 
in  blood  concentration,  other  factors  remaining  constant.  The 
degree  of  scattering  indicates  to  what  extent  other  factors  than 
blood  concentration  may  modify  the  rate  of  excretion.* 

There  are  certain  defects  in  the  data  which  have  to  be  con- 
considered  as  probably  detracting  from  the  accuracy  of  the  , 
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kwo  conditions  in  the  subjects  who  took  no  urea,  but  in 

sxperiments  in  which  lu^a  was  administered,  there  are  too 

taken  from  water  drinking  experiments.    This  may  ac- 

in  part  for  the  slight  alteration  in  the  direction  of  the  curve 

>  higher  levels  of  blood  urea  concentration  as  opposed  to 

wer.    Yet  even  if  such  experiments  are  excluded,  there  is  a 

te  tendency  after  the  administration  of  urea  for  the  rate 

Oration  to  be  greater  than  would  be  expected  from  observa- 

of  the  result  of  alteration  in  blood  concentration  in  experi- 

a  in  which  no  urea  was  given.    It  has  been  noted  from  ob- 

ition  of  the  renal  vessels  in  animals  that  urea  injections 

be  followed  by  an  apparent  increase  in  the  rate  of  flow  of 

d  through  the  kidneys.     It  may  be  that  part  of  the  accelera- 

of  the  rate  of  excretion  in  man  after  the  ingestion  of  urea 

ae  to  this  cause,  as  well  as  to  the  increased  urea  concentration 

he  blood. 

dthough  the  absolute  differences  between  the  rates  of  exore- 

A  observed  at  each  level  of  blood  concentration  increase  as  the 

icentration  rises,  yet. relatively  they  become  steadily  smaller. 

Ws  at  0.03  per  cent  the  probable  range  of  variation  is  over  200 

r  cent  of  the  average,  whereas  at  0.09  per  cent  it  is  only  about 

*  per  cent.    Since  it  is  the  relative  and  not  the  absolute  differ- 

ices  which  measure  the  degree  of  variability  in  kidney  fimction, 

e  may  conclude  that  the  urea-excreting  fimction  of  the  kidneys 

tods  to  become  more  imiform  the  greater  the  urea  concentration 

I  the  blood.    When  there  is  only  a  small  amoimt  of  work  to  do 

here  are  great  differences  in  the  rate  of  work,  but  when  the 

oad  is  increased,  the  output  becomes  less  variable. 

The  great  variability  in  the  rates  of  excretion  at  every  grade 
©f  blood  concentration  is  of  particular  interest  in  relation  to  the 
high  degree  of  imiformity  in  the  8  to  24  hoiu*  rates  at  which 
subjects  excrete  urea  added  to  a  constant  diet.'  The  differences 
in  these  experiments  were  no  greater  than  those  which  might 
have  resulted  from  individual  fluctuations  in  the  rate  of  protein 
catabolism.  This  uniformity  cannot  be  ascribed  only  to  the 
equality  of  conditions  as  regards  food  and  water  intake,  for  we 
have  recorded  instances'  in  these  subjects  where  the  rates  of 

*  Addis  and  Watanabe,  J.  Biol.  Chem.y  1916,  xxvii,  249.  There  was 
T^o  egg  given  with  the  noonday  meal,  as  is  incorrectly  stated  in  this  paper. 
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excretion  during  short  periods  of  time  showed  a  variation  not 
markedly  lower  than  that  shown  in  Fig.  1,  even  when  the  blood 
concentration  was  constant.  We  believe  that  the  uniformity 
arose  mainly  from  the  fact  that  the  rate  was  observed  over  long 
periods  of  time  (8  to  24  hours),  while  in  the  experiments  given 
in  this  paper  the  time  of  observation  was  relatively  short  (15  to 
120  minutes).  Though  kidneys  which  are  called  on  to  perform 
equal  amoimts  of  work  may  vary  their  rate  of  work  widely  f rwn 
hour  to  hour,  their  total  performance  for  the  day  is  relatively 
uniform.  If  this  is  the  true  explanation,  we  may  conclude  that 
those  imknown  factors  which  cause  the  kidney  to  alter  its  rate 
of  work  have  only  a  temporary  and  evanescent  effect,  and  that 
a  depression  of  kidney  activity  diu'ing  1  hour  of  the  day  is  counter- 
balanced by  a  later  acceleration,  so  that  the  total  output  remaios 
the  same. 

The  fact  that  in  twenty-nine  yoimg  adults  a  high  grade  of 
uniformity  was  found  in  the  8  to  24  hour  rate  of  excretion  of 
administered  urea'  indicates  that  there  were  no  fixed  individual 
peculiarities  in  the  kidnejrs  of  that  group.  The  subjects  of  the 
present  observations  include  all  of  the  above  group,  and  the 
additional  subjects  were  similar  in  their  age  and  freedom  from 
evidence  of  kidney  disease.  It  seems  therefore  improbable  that 
the  scattering  shown  in  Fig.  1  can  be  due  to  permanent  individual 
differenceis  in  kidney  structure.  But  it  is  possible  to  give  direct 
evidence  in  regard  to  this  point  from  our  data.  A  considerable 
nmnber  of  observations  (110)  were  made  on  one  subject  imder 
all  the  various  experimental  alterations  in  food  and  water  intake. 
Fig.  2  shows  the  curve  and  the  degree  of  scattering  in  his  case. 
Since  the  kidneys  of  this  individual  show  as  great  a  variability 
as  is  manifested  by  the  kidneys  of  all  the-  other  subjects,  we  may 
conclude  that  permanent  anatomical  differences  are  not  re- 
sponsible for  the  variations  in  the  rate  of  urea  excretion  inde- 
pendent of  changes  in  blood  concentration  diu'ing  short  time 
intervals.  The  causes  of  these  variations  must  be  sought  for 
among  temporary,  irregular,  and  coimterbalancing  alterations 
in  the  environment  of  the  kidney. 

In  the  next  paper  evidence  is  presented  showing  that  alterations 
in  the  urea  concentration  of  the  urine  play  no  appreciable  part 
in  the  production  of  these  variations. 
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CONCLUSIONS. 

1.  A  curve  has  been  constructed  which  indicates  the  effect 
of  changes  in  blood  urea  concentration  on  the  rate  of  urea  ex- 
cretion in  man. 

2.  The  wide  scattering  of  the  observations  from  which  the 
cMTve  was  constructed  shows  that  other  factors  than  blood  urea 
have  a  pronoxmced  effect  on  the  rate  of  urea  excretion. 

3.  There  is  a  relative  decrease  in  the  degree  of  scattering,  as 
the  blood  urea  concentration  increases.  This  is  interpreted  as 
indicating  that  the  greater  the  stimulus  to  increased  work  in 
excreting  urea,  the  less  subject  the  kidney  becomes  to  influences 
tending  towards  variability  in  its  rate  of  work. 

4.  The  variability  in  the  rate  of  xxrea  excretion  at  every  level 
of  blood  urea  concentration  diu'ing  the  short  periods  of  time 
chosen  in  these  experiments  is  in  marked  contrast  to  the  uni- 
formity in  the  rate  of  excretion  of  administered  urea  over  periods 
of  8  to  24  hours.  This  is  taken  as  indicating  that  unknown 
factors  lead  to  short-lived  variations  in  the  rate  of  excretion,  and 
that  these  variations  tend  to  counterbalance  one  another  over 
longer  periods. 

5.  The  degree  of  scattering  in  one  individual  is  as  great  as  the 
scattering  in  the  whole  group.  This  makes  tmtenable  the  h3rpoth- 
esis  that  permanent  individual  peculiarities,  such  as  might 
arise  from  anatomical  diflferences  in  kidney  structure,  are  re- 
sponsible for  the  variability  in  the  rate  of  urea  excretion  revealed 
by  the  scattering  shown  in  Fig.  1  for  the  group. 


THE  RATE  OF  UREA  EXCRETION. 

IV.  THE  EFFECT  OF  CHANGES  IN  THE  VOLUME  OF  URINE  ON 

THE  RATE  OF  UREA  EXCRETION. 

By  T.  ADDIS  and  C.  K.  WATANABE. 

(From  the  Laboraiory  of  the  Medical  Division  of  Stanford  University  Medical 

School,  San  Francisco.) 

* 

(Received  for  publication,  January  22,  1917.) 

Since  the  concentration  of  xirea  in  the  blood  influences  the 
rate  at  which  urea  passes  through  the  urea-secreting  cells  of  the 
kidney,  it  seems  likely  that  the  concentration  of  urea  in  the  urine 
in  contact  with  the  internal  surfaces  of  these  cells  should  also  have 
an  effect.  A  high  concentration  would  tend  to  delay,  and  a  low 
concentration  to  facilitate  the  discharge  of  urea  from  the  cells, 
at  least  if  the  mechanism  of  this  discharge  depended  on  a  process 
of  diffusion.  It  is,  of  course,  obvious  that  we  cannot  determine 
the  actual  urea  concentration  of  the  urine  which  Ues  next  to  the 
urea-secreting  cells.  The  anatomical  evidence  given  by  Leschke,^ 
which  has  been  confirmed  by  OUver,*  demonstrates  that  urea  is 
secreted  by  the  cells  of  the  proximal  convoluted  tubules.  Since 
there  is  every  reason  to  beUeve  that  a  great  part  of  the  water  of 
the  urine  passes  through  the  glomeruli,  we  should  expect  that  a 
series  of  different  concentrations,  increasing  in  proportion  to  the 
distance  from  the  glomerulus,  will  be  present  along  the  reaches 
of  each  proximal  tubule.  And  when,  further,  the  possible  occur- 
rence of  secretion  and  absorption  of  water  at  lower  levels  of  the 
tubular  S3r8tem  is  remembered,  it  becomes  apparent  that  we  cannot 
assume  any  close  or  constant  relationship  between  the  urea  con- 
centration in  urine  collected  from  the  bladder,  and  the  urine  as 
it  Ues  in  the  proximal  tubules.  We  have  groimds,  however,  for 
believing  that  a  rough  general  parallelism  exists,  and  that  when 
the  urea  concentration  of  collected  urine  is  foimd  to  be  greatly 

'  Leschke,  E.,  Z.  klin.  Med.y  1914,  Ixxxi,  14. 
» Oliver,  J.,  /.  Exp,  Med,,  1916,  xxiii,  301. 
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decreased  as  the  result  of  an  increase  in  volume  produced  by 
water  drinking,  there  will  also  be  a  decrease  in  the  average  con- 
centration in  the  proximal  tubules. 

In  observations  on  the  volume  of  urine  of  subjects  under  con- 
stant dietary  conditions/  we  found  that  the  urine  volume  was 
increased  when  the  rate  of  urea  excretion  was  approximately^ 
doubled  by  the  administration  of  urea.  On  the  other  hand,  the 
rate  of  urea  excretion  was  not  increased  when  the  urine  volume 
was  doubled  by  the  administration  of  water.  This  raises  the 
question  as  to  whether  there  may  not  be  a  general  relationship 
between  rate  of  uyea  excretion  and  volume  of  urine  of  such  a 
nature  that  the  urea  excretion  influences  the  volxmie,  in  contra- 
distinction to  the  idea  of  the  volume  influencing  the  urea,  which 
is  impUed  in  the  above  mentioned  theoretical  considerations  as 
to  the  possible  effect  of  the  urea  concentration  of  the  urine. 

With  the  data  at  oxir  disposal,  we  can  determine  whether  there 
is  evidence  of  any  general  relationship  between  the  volume  of 
mine  and  the  rate  of  mea  excretion,  such  as  would  lend  support 
to  either  of  these  hypotheses.  This  might  be  accomplished  by 
determining  the  net  correlation  between  these  two  factors  by 
means  of  a  formida  for  partial  correlation.  But  it  was  pointed 
out  to  us  that  the  distribution  in  om  material  of  the  three  vari- 
ables (rate  of  xu^ea  excretion,  volimae  of  urine,  and  concentration 
of  lu^ea  in  the  blood)  was  so  far  from  normal  as  to  render  any 
coefficient  of  correlation  somewhat  misleading.  It  was  there- 
fore considered  better  to  eliminate  the  factor  of  blood  urea 
concentration  by  plotting  the  rates  of  mea  excretion  as  plus  or 
minus  differences  between  the  observed  hourly  rates  and  those 
which  the  cwnre  shown  in  Fig.  1  of  the  preceding  paper  indicated 
as  normal  for  the  blood  concentration  foimd  in  each  instance. 

These  differences  are  represented  in  Fig.  1  by  the  ordinate, 
while  the  abscissa  measures  the  voliune  of  mine  per  hour.  It 
is  apparent  that  there  is  no  general  relationship  between  the 
voliune  of  urine  and  the  rate  of  urea  excretion,  since  there  is  no 
indication  that  the  minus  values  occur  predominantly  with  low 
volumes  of  urine,  nor  any  clear  tendency  towards  a  gradual 
increase  over  the  normal  value  to  successively  greater  plus  values 

» Addis,  T.,  and  Watanabe,  C.  K.,  /.  Biol.  Chem,,  1916,  xxvii,  267. 


T.  Addis  and  C.  K.  Watanabe 


401 


^iM*    4 


4 


4* 


4 
4 


4  o 


4* 


0* 

:  4 


•  4 


4 

OB 
•  O 

4  ^  '*      " 


r.4 


•  8     O    ^04 


4 
4 

4  4 

4   4 


^'  4  4 

•<    •       4 

•  •        •        ^ 


-«  4 

=    •«      .  4 


4 
4*      • 


o  4       1 

4 
4'V 


•  •  •     tee 


11  v^^  ^  ^ 


o       ^tf ^IIDo  oo     o    0 

e 


51 


a 


Ci 

§ 


o 

l-IS 


i 


I 


•-1  d8» 

1 1 
"s  s 

2  g 

.9  § 
^  fl 

3  ^ 

'o  d 

5  g 

9 


I 


O 
B. 


O 

^ 


§ 


T 1 1 1 1 

N  N<  ^-  O  CS  O  -3  -^• 

UnvUHON   M013<3  HO  1A09V  AlUDOH   ClllHOXJ   \/3m 


^ 


M  8 

Xi    © 

•9  *s 
§5 

o    =J    g 

^    O 

8    9    08 
^    O    ^ 

*  d  =^ 
O   »   o 

=11 


m  X>UBIfAL  OP  BIOUXnOAL  OmmRBT,  TOL.  ZZtX,  NO.  2 


402  Urea  Excretion.    IV 

as  the  urine  volume  increases.  This  absence  of  relationship  be- 
tween volume  and  rate  of  excretion  means  that  there  is  also  no 
relation  between  the  concentration  of  tirea  in  the  urine  and  the 
rate  of  excretion,  because  this  concentration  is  the  amount  of 
urea  in  1  hour's  urine  (the  rate  of  excretion)  divided  by  the  hourly 
voliune  of  urine. 

In  a  recent  paper*  we  said  we  had  evidence  that  imder  certain 
conditions  the  voliune  of  lunne  was  an  important  factor  in  de- 
termining the  rate  of  lu-ea  excretion.  The  conditions  we  had  in 
mind  were,  those  in  which  the  volume  of  iirine  was  unusually 
low  because  of  abstention  from  water  and  was  then  suddenly 
increased  by  copious  water  drinking.  We  found  that  con- 
comitantly with  the  rise  in  iu*ine  volume  there  was  an  accelera- 
tion of  the  rate  of  urea  excretion  which  was  not  accounted  for 
by  any  increase  in  blood  lu'ea  concentration.  But  a  more  com- 
plete analyBis  of  the  figures  showed  such  discrepancies  between 
the  degrees  of  increase  in  rate  of  urea  excretion  and  volume 
that  there  cannot  be  said  to  be  any  indication  of  a  causal  relation- 
ship between  them.  In  Table  I  we  give  the  details  of  an  experi- 
ment carried  out  imder  these  conditions. 

During  the  first  period  of  this  experiment,  the  hourly  volumes 
of  urine  were  small  because  the  subject  had  taken  no  water  or 
food  for  12  hoiu*s.  At  the  commencement  of  the  second  period 
20  gm.  of  xu*ea  were  taken  in  a  concentration  at  about  the  maximum 
concentration  the  normal  kidney  is  capable  of  secreting.  This 
led  to  a  call  for  an  increase  in  the  rate  of  iirea  excretion  imder 
conditions  in  which  there  would  tend  to  be  a  relative  insufficiency 
of  water  available  for  carrjdng  out  the  added  urea.  During  the 
third  period  the  body  was  flooded  with  water  by  the  ingestion 
of  1,500  cc.  and  the  drinking  thereafter  every  quarter  of  an  hour 
of  amomits  of  water  equivalent  to  the  volmnes  of  mine  excreted. 

The  outstanding  feature  of  the  experiment  is  the  increase  in 
the  rate  of  lu^a  excretion  which  accompanied  the  rise  in  urine 
volmne  induced  by  water  drinking.  The  rates  which  diiring  the 
first  and  second  periods  were  all  lower  than  the  normal  as  given 
by  the  ciu*ve  become  higheV  than  normal  diu*ing  the  third  period. 
There  can  be  no  question  from  the  results  of  this  and  other  experi- 
ments that  abstention  from  food  and  water  tends  to  lower,  and 
the  drinking  of  large  quantities  of  water  to  increase  the  rate, 
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independently  of  the  blood  urea  concentration.  On  the  other 
hand,  the  want  of  parallelism  between  the  volxunes  and  the 
differences  between  the  actual  and  normal  rates  is  so  complete 
that  we  cannot  say  that  the  rates  increase  because  of  the  rise  in 
urine  volumes,  or  that  the  volxunes  increase  because  of  the  rise 
in  the  rate  of  urea  excretion.  The  greatest  increase  over  the 
normal  rate  occurs  when  the  volume  of  urine  is  still  not  imusuaUy 
large  while  when  the  diuresis  is  at  its  maximxmi  the  rate  is  less 

TABLE  I. 


Period. 


1.  Nothing  taken.  No 
food  or  water  dur- 
ing the  previous  12 
hours. 


2.  At  2  p.m.  20  gm.  of 
urea  were  taken  in 
5.6  per  cent  solu- 
tion. 


3.  At  4  p.m.  1,500  cc. 
of  water  were  taken 
and  thereafter  a 
quantity  equal  to 
the  volumes  of 
urine  excreted. 
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than  normal.  Similar  discrepancies  are  noted  when  the  changes 
in  the  m*ea  concentration  of  the  urine  are  compared  with  the  rate. 
Thus  both  the  highest  (+)  and  the  lowest  (— )  rates  occiir  in 
periods  during  which  the  urine  concentration  is  3  per  cent. 

We  no  longer  beUeve,  therefore,  that  we  are  justified  in  tracing 
a  direct  relationship  between  the  volume  of  urine  and  rate  of 
urea  excretion.  All  that  we  can  say  is  that  conditions  accompa- 
nied by  low  urine  volumes  are  also  frequently  associated  with 
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subnormal  rates  of  tirea  excretion  and  that  when  a  large  quantity 
of  water  is  drunk  the  rate  of  excretion  may  become  greater  than 
normal  as  the  urine  volxmie  increases.  But  these  two  phenomena 
appear  to  be  independent  of  one  another.  Both  may  be  the 
result  of  some  conmion  cause,  such  as  an  alteration  in  the  blood 
circidation  through  the  kidneys  or  a  change  in  Hie  activity  of  the 
kidney  cells.  If  changes  in  the  free  water  content  of  the  blood 
have  an  effect  on  mine  volimie  comparable  to  that  which  altera- 
tions in  its  urea  concentration  have  on  the  rate  of  \irea  excretion, 
it  might  be  possible  to  demonstrate  a  parallelism  between  varia- 
tions from  normal  volmnes  and  normal  rates  under  the  influence 
of  some  such  common  cause. 

CONCLUSIONS. 

1.  Changes  in  the  volume  of  urine  or  in  the  tu*ea  concentration 
of  the  urine  have  no  appreciable  effect  on  the  rate  of  urea  excretion. 

2.  When  no  food  or  water  have  been  taken  for  some  time,  the 
drinking  of  large  quantities  of  water  is  followed  by  an  increase  in 
urinte  volume  and  by  a  synchronous  acceleration  of  the  rate  of 
urea  excretion  which  cannot  be  accounted  for  on  the  basis  of 
changes  in  blood  iwea  concentration.  But  there  is  no  evidence 
that  this  increased  rate  is  a  result  of  the  increased  Volmne  of  urine 
for  the  degree  of  increase  above  the  normal  in  the  rate  is  quanti- 
tatively independent  of  the  degree  of  increase  in  volume. 
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THE  DIASTATIC  ACTIVITT  OF  THE  BLOOD  IN  DIABBTES. 

By  victor  C.  MYERS  and  JOHN  A.  KILLIAN. 

^From  the  Laboratory  of  Patholoffical  Chemistry ,  New  York  Poat^Oraduate 

Medical  School  and  Hoejntal,  New  York.) 

Although  it  has  been  recognized  since  the  time  of  Magendie 
that  blood  possesses  active  diastatic  properties,  no  studies  of  a 
conclusive  nature  appear  to  have  been  published  relative  to  the 
activity  of  the  blood  diastase  in  himian  subjects  suffering  from 
diabetes.  This  has  probably  been  due  to  the  lack  of  a  sufficiently 
delicate  and  accurate  method. 

It  has  been  found  that  the  procedure  introduced  by  Lewis  and 
Benedict*  for  the  estimation  of  the  sugar  of  the  blood,  may  be 
excellently  utilized  in  the  estimation  of  its  diastatic  activity. 
Two  2  cc.  samples  of  oxalated  blood  are  taken,  one  being  employed 
as  a  control.  The  control  tube  is  made  up  to  10  cc.  with  distilled 
water,  and  the  tube  to  be  employed  for  the  test  to  9  cc.  Both 
tubes  are  now  placed  in  a  water  bath  at  40^C.  As  soon  as  the 
contents  of  the  tubes  have  been  brought  to  this  temperattu-Cj  1  cc. 
of  1  per  cent  soluble  starch  is  added  to  the  second  tube,  the  con- 
tents are  mixed,  and  incubation  ,is  then  carried  out  for  exactly 
15  mmutes  at  40^C. 

After  the  incubation  has  been  completed,  about  1.0  gm.  of 
dry  picric  acid  is  at  once  added  to  each  tube  and  the  mixtures 
are  stirred.  When  the  proteins  are  precipitated,  the  tubes  are 
centrifuged  and  the  supernatant  fluid  is  filtered.  The  sugar  in 
3  cc.  portions  of  the  filtrates  is  now  estimated  according  to  the 
tedmique  described  by  Myers  and  Bailey.*  Correction  is  made 
for  the  sugar  originally  present  in  the  blood  (with  the  aid  of  the 
control)  and  for  the  slight  reducing  action  of  the  soluble  starch. 
The  results  have  been  recorded  in  terms  of  the  percentage  of  the 
soluble  starch  (10  mg.)  transformed  to  reducing  sugars  (calculated 
as  glucose)  by  the  2  cc.  of  blood  employed. 

'  LewiB,  R.  C,  and  Benedict,  S.  R.,  /.  Biol,  Chem.f  1915,  xx,  61. 
*  Myers,  V.  C,  and  Bailey,  C.  V.,  /.  BioL  Chem.,  1916,  xxiv,  147. 
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It  is  believed  that  10  mg.  of  starch  furnish  a  sufficient  sub- 
strate for  all  ordinary  conditions  with  human  blood  (except 
possibly  in  very  severe  diabetes),  since  practically  identic&I 
results  have  been  obtained  with  amounts  of  starch  up  to  40  mg. 
Glycogen  offers  no  advantage  over  soluble  starch,  since  the  re- 
sults are  essentially  identical.  The  possible  error  of  gtycolysda 
would  appear  to  be  ^  negligible  one  during  a  15  minute  period 
of  incubation. 

The  diastatic  activity  of  the  blood,  with  this  method,  has  been 
foxmd  to  vary  from  15  to  25  in  a  variety  of  miscellaneous  con- 
ditions in  the  human  subject.  In  cases  of  advanced  nephritis 
with  nitrogen  retention  and  hyperglycemia,  figures  from  30  to 
40  have  been  observed,  while  in  eleven  cases  of  diabetes  the  values 
ranged  from  40  to  74.  These  results  would  suggest  that  ihe 
increased  diastatic  activity  in  both  nephritis  and  diabetes  (as 
shown  by  the  analyses  of  the  blood)  may  be  the  important  factor 
in  the  production  of  the  hyperglycemia  in  these  conditions. 

THE  BLOOD  LIPOIDS  IN  NEPHRITIS. 
By  W.  R.  BLOOR. 

Lipemia  has  occasionally  been  reported  in  nephritis,  and 
because  of  its  importance  in  the  study  of  fat  metabolism  an 
examination  of  the  blood  lipoids  in  a  series  of  cases  of  severe 
nephritis  was  imdertaken.  The  results  showed  mainly  marked 
increases  in  the  total  fatty  acids  (due  to  fat)  in  the  blood  plasma 
And  of  lecithin  in  the  corpuscles,  with  less  marked  and  less  fre- 
quent increases  of  fat  and  of  cholesterol  in  the  corpuscles.  These 
abnormaUties  are  essentially  those  foimd  in  the  blood  in  ali- 
mentary Upemia  and  their  presence  in  nephritis  is  believed  to  be 
due  to  a  retarded  fat  assimilation  which  is  one  manifestation  of  a 
general  phenomenon  produced  by  the  acidosis  present  in  this 
condition. 

THE  LIPOIDS  OF  THE  BLOOD  IN  RENAL  CONDITIONS,  WITH 
SPECIAL  REFERENCE  TO  THE  CHOLESTEROL  CONTENT. 

By  ALBERT  A.  EPSTEIN  and  MARCUS  A.  ROTHSCHILD. 

By  means  of  the  newly  developed  methods  for  the  examination 
of  fats  and  lipoids  in  the  blood,  it  has  been  possible  for  us  to 
examine  nearly  100  cases  of  renal  disease  and  allied  conditions. 
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The  results  may  be  briefly  summarized  as  follows:  In  chronic 
X>arenchymatous  nephritis  (nephrosis),  particularly  in  the  edemat- 
ous stage,  the  lipoids  of  the  blood  are  exceedingly  high;  the  cho- 
lesterol content,  to  which  special  attention  has  been  given  in 
this  study,  has  been  observed  as  high  as  1.226  gm.  per  100  cc. 
In  other  renal  conditions,  including  surgical  cases,  no  such  in- 
crease has  been'  encountered.  Occasionally  a  moderate  rise  has 
been  found,  but  as  a  rule  this  was  associated  with  some  other 
superimposed  condition. 

In  uremic  cases,  particularly  those  showing  high  nitrogen 
retention  in  the  blood,  the  lipoid  content  is  very  much  diminished. 
The  cholesterol  in  such  cases  may  fall  as  low  as  0.080  gm.  per 
100  cc.  Several  effusion  fluids  from  cases  of  parench3rmatous, 
nephritis  have  been  examined  and  only  traces  of  Upoid  have  been 
found  in  them.  The  urines  of  these  cases,  when  rich  in  protein 
material,  show  the  presence  of  small  amounts  of  lipoid. 

The  origin  of  the  increase  of  the  lipoid  content  of  the  blood  in 
the  parenchymatous  form  of  nephritis  is  not  clear.  Undoubtedly 
a  large  portion,  perhaps  the  greatest,  is  due  to  ingested  lipoid 
material.  A  certain  part  may  be  ascribed  to  mobilization  of 
body  fat,  particularly  as  these  cases  when  recuperating  show 
extreme  emaciation.  This  high  grade  form  of  malnutrition  is 
undoubtedly  associated  with  considerable  tissue  degeneration, 
so  that  a  certain  portion  of  the  Upoid  in  the  blood  must  be  at- 
tributed to  that  source.  At  any  rate,  the  finding  imdoubtedly 
represents  a  condition  of  fat  non-utilization,  comparable  to  that 
found  in  diabetes  and  other  nutritional  disorders.  This  is  evi- 
denced also  by  the  fact  that  when  a  diet  consisting  of  large  amoxmts 
of  protein,  a  small  amoimt  of  carbohydrate,  and  practically  no 
fat,  is  administered  for  a  long  period  of  time,  the  excessive  lipemia 
and  lipoidemia  gradually  subside. 

OBSBRVATIONS   ON   ACID-BASE   EQUILIBRinM   IN   THE   BODY. 

By  JOHN  HOWLAND  and  W.  McKIM  MARRIOTT. 

(From  the  Harriet  Lane  Home  and  Department  of  PediatricSf  Johns  Hopkins 

University,  Baltimore.) 

Known  amoimts  of  hydrochloric  acid,  of  acid  sodium  phos- 
phate, and  of  sodiimi  phosphate  of  blood  reaction  were  admin- 
istered to  normal  adults.    Determinations  on  the  urine  showed 
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that  hydrochloric  acid  administration  led  to  an  increase  in  titra- 
table  acid  (A)  and  a  proportionate  increase  in  ammonia  excre- 
tion, the  ratio  A:NB4  remaining  constant.  Acid  sodium  phos- 
phate increased  the  titratable  acid  excretion  but  had  no  effect  on 
ammonia  excretion.  The  ratio  A:NH8  was  greatly  increased. 
Administration  of  phosphate  mixtures  of  blood  reaction  (Fn-  7.4) 
led  to  a  sUght  increase  in  the  titratable  acid  and  to  a  distinct 
diminution  in  ammonia  excretion.  The  ArNHs  ratio  was  con- 
siderably above  normal  limits. 

These  findings  may  be  taken  to  explain,  in  part,  at  least,  the 
low  excretion  of  ammonia  in  the  acidosis  of  nephritis,  it  having 
been  previously  demonstrated  that  this  condition  is  accompanied 
by  a  retention  of  acid  phosphate. 

ADENINE  AND  GUANINE  IN  COWS'  MILK. 

By  carl  VOEGTLIN  and  C.  P.  SHERWIN. 

{From  the   Hygienic   Laboratory,    United  States   Public  Health   Service, 

Waehington.) 

From  100  Uters  of  a  mixed  sample  of  cows'  milk  it  was  possible 
to  isolate  500  mg.  of  adenine  and  100  mg.  of  guanine  by  means  of 
silver  precipitation  of  the  protein-free  milk  residue.  These 
findmgs  therefore  prove  the  existence  of  two  hitherto  unknown 
constituents  of  milk. 

THE  ANABOLIC  ACTION  OF  THE  THYROID  GLAND. 

By  N.  W.  JANNEY. 

(From  the  Chemical  Laboratory  of  the  Montefiore  Home  and  Hospital,  New 

York.) 

The  catabolic  action  of  the  thyroid,  as  exemplified  in  the 
treatment  of  obesity,  takes  place  when  large  doses  of  thyroid 
preparations  are  administered.  It  was  studied  by  us  in  nitrog^ 
partition  experiments  made  on  fasting  dogs.  A  greatly  increased 
excretion  of  all  the  nitrogenous  urinary  constituents,  except 
creatinine,  took  place,  indicating  a  stimulation  of  catabolic 
cellular  metabolism.  Fever  and  other  toxic  symptoms  were 
likewise  present.  The  anabolic  action  of  the  thyroid  has  re- 
mained obscure,  as  it  can  be  demonstrated  only  by  giving  very 
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small  doses  of  the  gland  or  its  preparations.  The  results  in 
many  respects  are  the  opposite  of  the  catabolic  and  toxic  action. 
Using  the  nitrogen  balance  as  a  gauge  of  the  effect  of  thyroid 
treatment,  we  have  studied  the  results  of  administering  small 
doeee  of  thyroid  preparations  to  cretins  and  exophthalmic  goiter 
patients  over  extended  periods.  It  could  be  shown  that  an  added 
retention  of  nitrogen  accompanied  improvement  in  the  clinical 
symptoms. 

The  same  amounts  of  thyroid  preparations  fed  to  normal 
control  persons  on  the  same  diet  and  \mder  the  same  conditions 
were  followed  either  by  no  diange  or  by  a  reduction  in  the  nitrogen 
balance. 

In  other  preliminary  experiments  evidence  has  been  obtained 
that  the  anabolic  action  which  the  thyroid  gland  exerts  on  pro- 
tein metabolism  is  coimected  with  its  effect  on  carbohydrate 
metabolism.  Thus  the  protein-sparing  action  of  sugar  which 
was  found  to  be  greatly  reduced  after  thyroidectomy  could  be 
restored  by  feeding  in  addition  small  doses  of  thyroid. 

BNZYME  AND  SUBSTRATE  IN  AUTOLYSIS. 

By  max  morse. 

The  following  reasons  may  be  given  for  believing  that  the 
effect  of  acid  introduced  or  already  present  in  an  autolyzing 
digest  is  upon  the  enzyme,  and  that  the  effect  upon  substrate, 
discovered  by  Bradley,  is  of  secondary  and  not  primary 
importance. 

1.  All  known  enzymes  respond  to  alterations  in  hydrogen  ion 
concentration.  Therefore,  if  the  effect  of  acid  is  upon  the  sub- 
strate from  the  inception  of  autolysis,  as  Bradley  believes,  no 
provision  is  made  for  this  response  and  one  must  conclude  that 
the  enzyme  is  refractory  to  modification  of  the  concentration  of 
hydrogen  ions.  In  this  case  the  enzyme  differs  from  all  known 
fennents. 

2.  The  substrate  theory  demands  a  high  degree  of  specificity 
on  the  part  of  the  enzyme,  owing  to  the  belief  that  the  amoimt  of 
substrate  available  for  the  enzyme  is  conditioned  by  the  con- 
centration of  hydrogen  ions.  At  the  same  time,  Bradley  has  shown 
that  the  enzyme  is  not  specific,  since  foreign  proteins  (casein, 
coagulated  proteins,  etc.)  are  digested. 
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3.  The  addition  of  coagulated  proteins  to  a  digest  together 
with  the  addition  of  acid  does  not  lead  to  acceleration  of  autolysis. 
This  is  interpreted  on  the  substrate  theory  Jby  assuming  that 
there  is  no  fiuther  activation  of  the  enzyme.  It  is  equally  well 
interpreted  as  meaning  that  no  more  enzyme  is  introduced,  for 
on  introducing  enzyme  the  rate  is  increased. 

4.  Inorganic  colloids  accelerate  autolysis  (Ascoli  and  Izar). 
Pincussohn,  Wohlgemuth,  and  others  have  demonstrated  an 
efifect  upon  saUvary  amylase,  pepsin,  etc.,  when  subjected  to 
various  inorganic  suspensoids,  so  it  is  probable  that  a  similar 
efifect  is  exerted  upon  the  autolytic  enzyme. 

5.  Calcium  salts,  such  as  phosphate,  sulfate,  etc.,  show  no 
acceleration  in  autolysis  when  used  in  hydrogen  equivalent  solu- 
tions, while  similar  salts  of  potassiimi,  sodiimi,  etc.,  show  marked 
acceleration.  The  "salt  efifect"  of  Loeb  is  doubtless  operative 
here  and  we  have  a  basis  for  the  suggestion  herein  made  that 
the  efifect  of  acid  is  first  to  modify  the  permeabiUty  of  the  mem- 
branes and  secondly  to  activate  the  enzyme. 

ANTAGONISTIC  ELECTROLYTES  AND  JELLY  FORMATION. 

By  G.  H.  a.  CLOWES. 

When  NaCl  is  added  in  increasing  proportion  to  aqueous 
suspensions  of  soaps  or  lipoids,  the  dispersion  of  the  particles  in 
water  is  at  first  promoted,  reaches  an  optimum  at  approximately 
0.15  M  NaCl,  which  corresponds  approxintiately  with  the  con- 
centration of  this  substance  in  the  blood,  as  noted  by  Koch.  Sub- 
sequently an  aggregating  efifect  is  exerted,  precipitation  occurring 
at  a  concentration  of  0.35  to  0.4  m  NaCl,  which  appears  to  be 
the  limiting  concentration  for  the  maintenance  of  life  of  marine 
organisms,  of  mice  on  intravenous  injection,  and  the  precipitation 
point  for  emulsions,  jellies,  and  a  variety  of  other  physical  systems. 

Koch's  curve  of  the  amount  of  CaCU  required  to  precipitate 
lecithin  at  dififerent  concentrations  of  NaCl  corresponds  closely 
with  curves  obtained  by  the  drop  method*  when  NaCl  is  added 
in  increasing  proportion  to  an  aqueous  phase  containing  a  con- 
stant amotmt  of  soap  passed  through  neutral  oil.    The  initial 

» Clowes,  G.  H.  A.,  /.  Physic.  Chem.,  1916,  xx,  407. 
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rise  in  drop  number  attributable  to  preferential  adsorption  of 
CI  ions  promoting  dispersion  of  the  soap  particles  reaches  an 
optimiun  at  0.15  to  0.25  m  and  subsequently  diminishes,  pre- 
sumably owing  to  the  relatively  increased  adsorption  of  the  Na 
ion  with  rise  in  concentration.  Soap  jellies  may  be  obtained  at 
concentrations  between  0.25  and  0.4  m  NaCl  provided  sufficient 
NaOH  was  added  to  the  original  system  to  instu^  a  sufficiently 
high  initial  dispersion  of  the  soap  particles  (as  indicated  by  the 
optimum  drop  nimiber),  to  prevent  aggregation  of  the  particles 
and  their  deposition  under  the  influence  of  gravity.  If  Brownian 
movement  is  maintained  up  to  a  certain  concentration  of  NaCl, 
subsequent  adsorption  of  Na  ions  causing  reduction  of  negative 
charge  and  change  of  surface  tension  results  in  such  a  distortion 
of  the  individual  particles  that  they  coalesce  simultaneously 
with  one  another  to  form  a  jelly-like  structmre  containing  water 
ia  the  interstices. 

The  close  similarity  in  the  antagonistic  curves  of  CaClt  and 
NaCl  and  other  salts  having  a  more  readily  adsorbed  anion  in 
such  widely  diversified  systems  as  Uving  protoplasm,  the  blood 
clot  emulsions,  soap  jeUies  and  films,  and  soap  and  Upoid  suspen- 
sions, and  the  conmion  limiting  concentrations  at  which  individual 
salts  like  NaCl  and  CaCU  produce  inhibiting  effects  in  all  these 
systems,  concentrations  which  differ  entirely  from  those  at  which 
similar  effects  may  be  observed  on  proteins,  suggest  the  probabiUty 
that  protoplasmic  equilibrium  and  the  formation  of  reversible 
protoplasmic  jeUies  are  dependent  upon  what  may  be  designated 
as  an  imperfect  reversal  of  phase  relations  promoted  by  the  action 
of  antagonistic  electrolytes  on  interfacial  films  of  soap  and  Upoid 
just  as  in  reversal  of  equilibrium  in  the  case  of  emulsions  of  oil 
and  water. 

ELECTROLYTES  AND  ANAPHYLAXIS. 
By  G.  H.  a.  CLOWES. 

Ca  salts  appear  to  counteract  sensitization  phenomena  by 
diminishing  the  permeabiUty  of  the  tissues  to  water.  The  fact 
that  Ca  salts,  owing  to  their  aggregating  effect  on  soap  films, 
may  be  used  to  counteract  increased  permeabiUty  resulting  from 
adsorption  or  interaction  of  negative  ions,  and  that  the  ratios  in 
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which  various  salts  having  readily  adsorbed  anions  are  antagonized 
by  salts  of  Ca  are  approximately  the  same  in  such  widely  di- 
versified systems  as  marine  organisms,  living  mice,  blood  coagula- 
tion, complement  hemol3rsis,  soap  and  lipoid  suspensions,  and 
drop  systems,*  coupled  with  the  drop  in  blood  coagulation  in 
anaphylaxis,  suggests  the  probabiUty  that  the  antigen-antibody 
combination  affords  a  link  between  water  and  some  non-aqueous 
phase  in  the  protoplasmic  film  whereby  the  latter  is  subjected  to 
the  action  of  readily  adsorbed  anions  already  present  in  the 
system  with  a  resulting  sudden  increase  in  permeability  beyond 
those  limits  within  which  normal  protoplasmic  function  may  be 
maintained. 

Support  for  this  contention  may  be  found  in  the  well  known 
surface  tension  effects  and  the  r61e  played  by  electroljrtes  in 
immime  phenomena;  and  a  practical  analogy  is  to  be  found  in 
experiments  carried  out  by  means  of  the  drop  method,  demon- 
strating that  water  containing  NaOH  or  NaOH  +  NaCl  may  be 
passed  through  neutral  oil  without  causing  any  change  in  the 
drop  niunber,  and  water  or  water  -f  NaCl  ntiay  be  passed  through 
oil  containing  fatty  acid  without  change,  but  when  NaOH  and 
fatty  acid  are  both  present  in  the  system  either  as  soap  in  the  water 
phase  or  as  NaOH  in  the  water  phase  and  fatty  acid  in  the  oil 
phase,  a  considerable  rise  in  the  drop  number  occurs,  and  if  NaQ 
is  present  there  is  in  addition  a  still  further  rise. 

With  a  drop  system  in  which  the  conditions  of  equiUbrium 
appear  to  be  comparable  with  those  of  Uving  protoplasms,  a 
rise  from  ten  to  fifty  drops  may  be  effected  by  introducing  a 
given  amount  of  soap  into  the  water  phase  or  NaOH  into  the 
water  phase  and  fatty  acid  into  the  oil  phase,  and  a  fiulher  rise 
to  300  drops  may  be  effected  by  using  physiologically  normal 
salt  solution  instead  of  water.  The  great  increase  in  permeability 
indicated,  far  in  excess  of  that  required  to  cause  destruction  of 
protoplasm,  could  only  be  effected  in  the  presence  of  both  alkaK 
and  fatty  acid,  presumably  owing  to  the  affinity  of  water  for 
NaOH,  of  NaOH  for  fatty  acid,  and  fatty  acid  for  oil;  and  the 
consequent  establishment  of  chemical  or  physical  contact  between 
the  water  and  oil  phases  without  which  the  dispersing  effect  of  the 
readily  adsorbed  CI  ion  could  not  come  into  play. 
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CALCIUM  AND  PHOSPHORUS  IN  THE  BLOOD  OF  LACTATING 

COWS. 

By  EDWARD  B.  MEIGS  and  N.  R.  BLATHERWICK. 

{From  the  Bureau  of  Animal  Industry,    United  States  Department  of 

Agriculture f  Washington.) 

Calciiim,  nitrogen,  total  phosphorus,  and  Upoid  and  inorganic 
phosphorus  have  been  determined  in  the  blood  and  plasma  of 
cows  and  heifers  of  various  ages,  on  various  rations,  and  at  various 
stages  of  pregnancy  and  lactation.  The  results  are  still  highly 
incomplete,  but  are  sufficient  to  indicate  certain  relations. 

The  calciimi  content  of  cows'  plasma  has  been  foimd  to  be 
surprisingly  constant.  It  is  somewhat  over  0.011  per  cent  in 
very  yotmg  heifer  calves,  and  falls  ofif  gradually  with  increasing 
age  until  it  reaches  about  0.010  per  cent  toward  the  end  of  the 
first  year,  from  which  point  it  remains  nearly  constant.  Our 
results  indicate  that  it  is  not  appreciably  altered  by  pregnancy, 
lactation,  or  by  considerable  changes  in  diet.  Our  highest  figxire 
for  plasma  calcium  has  been  0.0114  per  cent,  and  oiu*  lowest 
0.0086  per  cent. 

The  total,  Upoid,  and  inorganic  phosphorus  contents  of  normal 
plasma  are  all  extremely  variable.  In  oiu*  experiments  the  total 
phosphorus  has  varied  from  0.0085  per  cent  to  0.0178  per  cent; 
the  lipoid  phosphorus,  from  a  little  \mder  0.002  per  cent  to  a 
Uttle  over  0.008  per  cent;  and  the  inorgaoic  phosphorus,  from 
about  0.004  per  cent  to  about  0.008  per  cent.  The  lipoid  phos- 
phorus has  been  foimd  lowest  in  very  yotmg  calves,  highest  in 
cows  at  about  the  6th  month  of  lactation,  and  intermediate  in 
farrow  heifers  from  1  to  2  years  old,  and  in  pregnant  cows  at  the 
end  of  the  previous  lactation  period.  The  inorganic  phosphorus 
has  been  foimd  highest  in  yoxmg  calves,  and  is  likely  to  be  low 
in  mature  cows  just  after  calving.  It  seems  to  depend  to  some 
extent  on  the  amount  of  grain  fed. 

In  numerous  samples  of  plasma,  the  total,  lipoid,  and  inorganic 
phosphorus  contents  have  been  independently  determined,  and 
it  has  always  been  found  that  the  sum  of  the  lipoid  and  inorganic 
fractions  is  equal,  within  the  limits  of  experimental  error,  to  the 
total. 

Our  nitrogen  results  indicate  an  increase  in  the  ratio,  protein: 
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water,  in  plasma  with  increasing  age,  and  some  individual  varia- 
tion in  tbis  ratio;  but  little  change  as  the  result  of  pr^pancy, 
lactation,  or  change  in  rations. 

STUDIES  IN  THE  BtECHANISM  OF  ABSORPTION  FROM  THE  COLON 

By  SAMUEL  GOLDSCHMIDT  and  A.  B.  DAYTON. 

(From  the  Hunterian  Laboratory  of  Experimental  Pathology,  Johns  Hopkins 

Medical  School,  Baltimore,) 

Sodium  chloride  solutions  of  concentrations  above  1.2  per  cent 
when  placed  into  the  colon  of  the  dog  cause  a  passage  of  water  into 
the  colon  contents.  At  the  same  time  chlorides  are  passing  into 
the  blood.  There  is  an  immediate  drop  in  the  concentration  of 
dilorides.  The  A  of  the  colon  contents  shows  an  immediate 
decrease  of  osmotic  pressure.  The  concentration  of  chlorides 
and  the  A  at  the  point  where  the  volume  ceases  to  increase  is 
above  the  concentration  of  chlorides  and  the  A  of  the  blood. 

The  concentration  of  chlorides  finally  comes  to  an  equiUbrium 
with  the  chlorides  of  the  blood.  An  increase  of  chlorides  in  the 
blood  causes  a  readjustment  of  this  equilibrium. 

The  A  of  the  colon  contents  is  not  accounted  for  by  the  chlorides; 
hence  "other  substances"  have  diffused  into  the  colon  from  the 
blood. 

Chlorides  may  be  withdrawn  from  the  blood  imtil  the  con- 
centration in  the  colon  reaches  0.12  to  0.17  per  cent,  when  there 
is  a  reabsorption  of  the  chlorides;  nevertheless  the  concentration 
of  chlorides  in  the  colon  increases  to  blood  level.  The  colon  is 
therefore  not  an  "irreciprocal  membrane."  It  is  essentially  a 
permeable  membrane  towards  sodiiun  chloride  solutions. 

A  MODIFICATION  OF  FOLIN'S  METHOD  FOR  THE  ESTIMATION 

OF  CREATININE  IN  BLOOD.* 

By  THEODORE  KUTTNER. 
(From  Mt,  Sinai  Hospital,  New  York.) 

The  modified  method  suggested  reduces  the  distiu'bing  factor 
of  the  yellow  color  of  the  picric  acid,  because  of  the  smaller  amount 
of  this  substance  used  than  in  the  original  Folin  method. 

*Read  by  invitation. 
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For  similar  amounts  of  blood  Folin's  method  requires  thirty- 
three  times  as  much  picric  acid  as  in  the  new  procedure  which 
depends  upon  removal  of  the  proteins  before  the  addition  of  the 
picric  acid.     Details  of  the  procedure  will  be  published  shortly. 

A  QUICK  TITRATION  METHOD  FOR  DETERMINING  SMALL 

AMOUNTS  OF  URIC  ACID. 

By  J.  LUCIEN  MORRIS. 

{From   the    Laboratory   of   Biological    Chemistry,    Washington  University, 

St.  Louis.) 

Precipitation  of  uric  acid  as  zinc  urate  is  used  as  the  basis  of 
separation  of  uric  acid  from  other  substances  in  body  fluids 
which  would  interfere  with  a  subsequent  permanganate  oxida- 
tion. The  method  is  described  in  detail  for  urine  but  has  applica- 
tion as  well  to  blood.  Albumin  is  removed  by  treatment  either 
with  trichloroacetic  acid  or  w-phosphoric  acid.  An  aliquot 
part  of  albimiin-free  filtrate  is  added  to  a  special  solution  of  sodium 
lactate,  sodium  acetate,  and  acetic  acid,  and  the  phosphates  and 
ammonia  are  removed  by  precipitation  at  room  temperature 
with  luranium  acetate.  The  solution  obtained  after  filtering  or 
centrifuging  will  allow  its  uric  acid  content  to  be  removed  com- 
pletely as  zinc  urate  upon  the  successive  addition  of  zinc  acetate 
and  sodium  carbonate.  Centrifuging  for  a  minute  separates  the 
precipitate  and  the  liquid  may  be  poured  off.  Solution  of  the 
precipitate  is  obtained  by  the  addition  of  acetic  acid  and  a  re- 
precipitation  with  sodiimi  carbonate  assures  the  absence  of 
substances  which  might  interfere  with  the  permanganate  titration. 
Solution  of  the  precipitate  in  acetic  acid,  heating  to  80®C.,  and 
adding  phosphoric  acid  \mtil  zinc  phosphate  dissolves  are  the 
conditions  which  immediately  precede  the  titration  with  0.005  n 
potassiimi  permanganate.  Use  of  suKuric  acid  gives  a  figure 
about  10  per  cent  higher,  due  probably  to  purines  which  are 
precipitated  with  zinc  but  which  are  not  oxidized  with  perman- 
ganate in  acetic  acid  solution. 
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IfOTB  ON  A  TITRATION  USTHOD  FOR  DETERMINING  MmUTB 

QUANTITIES  OP  ACETONE.* 

By  ROGER  S.  HUBBARD. 
(From  Washington  University,  St,  Louis.) 

The  solution  of  iodine  used  in  the  regular  Messinger  determina- 
tion of  acetone  is  diluted  in  3  per  cent  potassium  iodide,  and  used 
for  the  determination  of  minute  quantities  of  acetone.  15  gm. 
of  potassium  iodide  are  dissolved  in  water  in  a  500  cc.  volumetric 
flask,  appropriate  amoimts  of  the  stock  iodine  solution  added, 
and  made  to  volume.  From  the  stock  solution  of  approximately 
0.1  N  concentration  (1  cc.  equals  1  mg.  of  acetone)  0.01  n  and 
0.002  N  solutions  are  so  prepared.  Thiosulfate  solutions  of  cor- 
responding strength  are  easily  prepared,  and  are  fairly  stable. 

In  carrying  out  the  determination  the  acetone  solution  is 
distilled  to  a  volume  of  250  cc.  and  50  cc.  are  taken  for  a  determina- 
tion. 40  cc.  of  0.01  N  iodiae  solution  are  added,  followed  by  I  cc. 
of  10  X  N  NaOH.  The  solution  is  shaken,  and  allowed  to  stand 
10  minutes.  It  is  then  acidified  with  HsSOi,  and  the  excess  of 
iodine  titrated  with  0.01  n  thiosulfate  solution,  using  1  to  2  cc. 
of  0.25  per  cent  starch  as  indicator. 

If  the  amoimt  of  acetone  is  less  than  0.2  mg.,  the  procedure 
is  repeated,  using  10  or  20  cc.  of  0.002  n  iodine  solution,  and 
titrating  with  0.001  n  thiosulfate.  A  blank  should  be  run  on  the 
NaOH  tised.  The  iodine  solution  is  permanent  for  4  or  5  days, 
and  thiosulfate  solution  for  48  hours.  Amoimts  of  acetone  a^ 
small  as  0.01  mg.  may  be  accurately  determined  by  this  method 

THE  ALLEGED   NINHYDRIN  REACTION  WITH  GLYCEROL,  ETC. 

By  victor  JOHN  HARDING. 
(From  the  Biochemical  Laboratory,  McOill  University,  Montreal.) 

The  author  fotmd  that  in  following  the  work  of  Halle,  Loewen- 
stein,  and  Pfibfam  on  the  production  of  a  ninhydrin  reaction  by 
glycerol,  specimens  of  glycerol  of  different  origin  gave  different 
results.  The  production  of  a  positive  ninhydrin  reaction  with 
glycerol  is  believed  to  be  due  to  the  presence  of  nitrogenous 
impurities. 

•Read  by  invitation. 
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THE  USE   OF  HSZAMETHTLENETBTRAMINE  AS   A  RENAL 
FUNCTIONAL    TEST,    AND    ITS    COBfPARISON    WITH 

OTHER  FUNCTIONAL  TESTS.* 

By  W.  G.  LYLE. 
(From  the  Harriman  Research  Laboratory ^  Roosevelt  Hospital,  New  York.) 

A  method  for  the  quantitative  determination  of  nrotropin  in  the 
urine  has  been  described  by  Falk  and  Sugiura/  They  found  that 
if  15  grains  of  iu*otropin  were  given  to  a  person  with  normal 
kidney  function,  and  the  urine  was  collected  for  12  hours,  they 
were  able  to  irecover  from  40  to  80  per  cent  of  the  urotropin  un- 
changed; on  the  other  hand,  if  the  patient  was  suffering  from 
nephritis,  little  or  no  lu-otropin  was  excreted.  It  was  suggested 
that  this  fact  should  be  utilized  as  a  test  for  the  fimctional  activity 
of  the  kidney.  A  comparison  of  this  method  with  other  functional 
kidney  tests  was  imdertaken. 

In  general  it  may  be  stated  that  in  cases  where  the  clinical 
s3rmptoms  point  imdoubtedly  to  nephritis  nearly  all  the  functional 
tests  agree  fairly  well.  In  early  cases,  however,  where  the  diag* 
nosis  is  in  doubt,  urotropin  is  of  value.  The  failiu*e  of  the  kidney 
to  excrete  the  urotropin  molecule  is  a  very  early  symptom  of 
interference  with  its  fimction.  It  is  of  interest  to  note  that  this 
phenomenon  coincides  closely  with  the  finding  of  an  increased 
amoimt  of  uric  acid  in  the  blood,  and  with  the  changes  in  the 
kidney  function,  as  shown  by  the  Mosenthal  test  meal,  especially 
those  cases  showing  a  marked  increase  in  the  volinne  of  night 
urine.  In  this  type  of  case  we  have  frequently  found  a  good,  or 
even  hi^  dye  test  and  a  normal  non-protein  nitrogen  and  urea. 
Whether  some  of  these  cases  will  develop  a  true  nephritis  remains 
to  be  seen,  but  that  there  is  present  some  disturbance  of  kidney 
fimction  is  evident. 

In  conclusion,  from  our  work  with  these  tests,  one  fact  stands 
out  clearly, — that  it  is  imwise  to  base  a  diagnosis  on  the  result  of 
one  or  two  tests  as  there  are  cases  in  which  the  uric  acid  in  the 
blood  is  normal  while  the  urotropin,  Mosenthal  meal,  and  the 
dye  test  show  kidney  disturbance.  On  the  other  hand,  cases  of 
gout  may  show  a  high  uric  acid  content  in  the  blood,  while  the 

*Read  by  invitation. 

<  Falk,  K.  G.,  and  Sugiura,  K.,  /.  Pharm.  and  Exp.  Ther.,  1917,  ix,  24U 
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other  tests  are  normal.  The  advantage  of  urotropin  is  that  the 
test  is  easily  carried  out  and  gives  the  patient  no  inconvenience. 
We  therefore  recommend  that  in  a  suspected  case  the  patient 
should  be  givdi  15  grains  of  urotropin,  dissolved  in  a  glass  of 
water,  shortly  before  the  evening  meal,  at  which  time  fluid  should 
be  taken  to  the  amount  equivalent  to  two  more  glasses  of  water; 
a  12  hoiu*  specimen  should  be  collected  and  examined  for  urotropin; 
if  none  is  found,  or  a  small  amount,  the  other  tests  should  be 
carried  out. 

THE  CHOLESTEROL  CONTENT  OF  THE  BLOOD  IN  VARIOUS 

HEPATIC  CONDITIONS.* 

By  M.  a.  ROTHSCHILD  and  J.  FELSEN. 

(From  the  Department  of  Physiological  Chemistry ^  Pathological  Laboratory, 

Mount  Sinai  Hospital,  New  York.) 

In  obstructive  icterus  the  cholesterol  content  of  the  blood  is 
markedly  elevated  and  bears  a  definite  relationship  to  the  in- 
tensity of  the  icterus.  In  conditions  such  as  cirrhosis,  acute 
yellow  atrophy,  pernicious  vomiting  of  pregnancy,  or  extensive 
carcinomas  of  the  Uver,  the  chplesterol  content  of  the  blood  is 
not  increased  and  is  usually  reduced.  The  cholesterolemia  is 
thus  not  proportionate  to  the  intensity  of  the  icterus.  In  other 
forms  of  icterus,  as  seen  in  Banti's  disease,  Gaucher's  disease, 
splenomegaly  with  icterus,  and  pernicious  anemia  and  other  blood 
diseases,  there  is  no  increase  in  the  blood  cholesterol,  and  in  most 
of  these  conditions  the  amount  present  is  decidedly  less  than 
normal. 

THE  USE  OF  PANCREATIC  VITAMINE  IN  CASES  OF  MALNUTRITION. 

By  WALTER  H.  EDDY. 
{From  the  Department  of  Pathology  of  the  New  York  Hospital.) 

The  report  covers  the  preliminary  study  of  the  use  of  pancreatic 
vitamine  in  cases  of  marasmus.  Up  to  the  present  time  the 
treatment  has  been  administered  to  eleven  cases,  seven  of  which 
form  the  basis  of  the  present  paper;  the  other  four  are  not  suffi- 
ciently advanced  to  supply  data  at  this  time. 

•  Read  by  invitation. 


Society  of  Biological  Chemists  xvii 

The  treatment  consists  in  feeding  children  2  gm.  per  day  of 
Lloyd's  reagent  which  has  been  activated  by  pancreatic  vitamine 
after  the  method  of  Seidell.  Previous  work  had  demonstrated 
that  50  gm.  of  Lloyd's  reagent  shaken  with  1  liter  of  the  water- 
soluble  portion  of  an  alcohol  extract  of  pancreas  remove  from 
that  volimie  its  growth-stimulating  power.  In  these  experiments 
1  gm.  of  Lloyd  powder  contains  the  vitamine  from  54  gm.  of 
pancreas.  (This  assumes  that  the  removal  of  the  vitamine  is 
quantitative.)  The  powder  is  administered  by  mixing  1  gm.  with 
a  feeding  of  cereal.  No  difficulties  have  arisen  in  getting  the 
children  to  take  this  material.  The  success  of  the  experiment 
is  judged  by  noting  whether  growth  develops  after  administration 
of  the  vitamine,  no  other  change  being  made  in  the  diet. 

The  results  suggest  at  least  the  possibility  of  stimulating 
assimilation  by  the  artificial  feeding  of  pancreatic  vitamine.  The 
dosage  and  the  conditions  favorable  and  unfavorable  to  its 
eflfectiveness  are  \mder  investigation. 

THE  URIC  ACID  CONTENT  OF  THE  BLOOD  OF  THE  NEW-BORN. 
By  F.  B.  KINGSBURY,  J.  P.  SEDGWICK,  and  L.  J.  ROBERTS. 

Uric  acid  determinations  in  the  blood  of  the  new-bom  showed 
that  the  concentration  of  uric  acid  varied  from  1.8  to  3.5  mg.  per 
100  gm.  of  placental  blood,  and  from  2.7  to  4.9  mg.  per  100  gm. 
of  blood  drawn  from  the  new-bom  8  to  120  hours  later.  The  luic 
acid  content  in  the  case  of  a  new-born  8  hours  old  was  4.9  mg. 
per  100  gm.  of  blood.  At  the  end  of  10  days  this  value  had  dropped 
to  1.4  mg.  In  the  case  of  another  baby  the  placental  blood 
contained  1.9  mg.  which  rose  to  4.0  mg.  46  hours  later,  and  at 
the  end  of  9  days  was  3.8  mg.  Both  placental  blood  and  blood 
taken  a  few  hours  after  birth  contain  more  uric  acid  than  that 
of  the  normal  adult.  A  definite  increase  after  birth  is  shown 
and  this  occurs  during  the  same  period  of  time  that  uric  acid 
infarcts  in  the  kidney  are  known  to  be  formed. 
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THE  PARTITION  OF  NON-PROTBIH  NITROGEN  IN  THE  BLOOD  OF 

FRESH  WATER  FISH. 

By  D.  WRIGHT  WILSON  and  EDWARD  F.  ADOLPH. 

(From  the  Laboratory  of  Physiological  Chemistry,  Johns  Hopkins  University, 
Baltimore,  and  the  United  States  Fisheries  Biological  Station, 

F airport,  Iowa.) 

The  whole  blood  and  plasma  from  several  species  of  fresh  water 
fish  were  analyzed  for  non-protein  nitrogen,  lu'ea,  ammooia, 
amino  nitrogen,  uric  acid,  creatinine,  and  creatine.  Tlie  fish 
studied  were  the  sturgeon,  gar,  carp,  croppie,  catfish,  and  dieeps- 
head.  The  total  non-protein  N  was  lower  in  the  ganoids  (29 
to  31  mg.  per  100)  than  in  the  teleosts  (42  to  69  mg.).  l^ie 
plasma  contained  less  than  the  whole  blood  in  all  cases.  Tie 
urea  nitrogen  was  imusually  low  in  most  specimens,  varying  from 
1.1  to  16  mg.  per  100  cc.  of  whole  blood  and  from  0.4  to  13  mg. 
per  100  cc.  of  plasma.  The  urea  content  of  the  plasma  was  leas 
than  whole  blood  in  all  cases.  The  amino  nitrogen  fraction 
made  up  from  60  to  81  per  cent  of  the  total  non-protein  nitrogen 
of  the  whole  blood,  and  from  33  to  45  per  cent  of  the  total  non- 
protein nitrogen  of  the  plasma.  The  ammonia,  uric  acid,  and 
creatinine .  contents  of  whole  blood  were  similar  to  the  other 
values  reported  for  fish.  The  creatine  content  of  plasma  was 
higher  than  that  of  the  corpuscles.  The  considerable  variations 
in  the  composition  of  the  blood  of  fish  and  higher  animals  suggest 
differences  in  metabolism. 

THE  DISTRIBUTION  OF  CREATININE  AND  CREATINE  BETWEBlf 
THE  CORPUSCLES  AND  PLASMA  OF  THE  BLOOD. 

By  ANDREW  HUNTER  and  WALTER  R.  CAMPBELL. 

(From  the  Department  of  Pathological  Chemistry,   University  of  Toronto.) 

In  forty-eight  specimens,  two  of  which  came  from  rabbits  and 
the  remainder  from  hxmian  subjects,  the  creatinine  contents  of 
the  whole  blood  and  of  the  plasma  were  separately  determined. 
Creatine  estimations  were  similarly  carried  out  in  forty-two  cases, 
in  thirty-three  of  which  the  measurement  of  corpuscular  volxune 
enabled  us  to  calculate  the  concentration  of  both  substances  in 
the  corpuscles  also.     These  data  were  supplemented  in  twenty- 
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ox  .cases  by  a  detennination  of  total  and  prefonned*  creatinine 
in  the  urine  excreted  at  the  time  of  the  observation. 

The  single  generalization  which  we  can  draw  in  the  meantime 
from  our  results  is  that  the  concentration  of  both  creatine  and 
creatinine  is  considerably  lower  in  plasma  than  in  whole  blood, 
so  that,  bulk  for  bulk,  the  corpuscles  are  much  richer  in  these 
substances  than  the  plasma.  The  plasma  creatinine  of  normal 
individuals  was  alwa3r8  less  than  1  mg.  per  100  cc;  in  all  but  two 
it  fell  between  0.72  and  0.92,  tiie  average  being  0.82.  The 
plasma  creatine  in  the  same  subjects  ranged  from  0.94  to  3.5; 
but  in  two-tiiirds  of  them  it  lay  between  1.4  and  1.7,  and  the 
average  for  human  individuals  was  1.6.  The  creatine  and  creat- 
inine content  of  tiie  corprisdes  varied  within  rather  wide  limits, 
but  the  second  was  alwa3r8  present  in  much  greater  quantity 
than  the  first. 

When  creatinine  is  retained,  as  in  the  nephritic  cases,  it  appears 
generally  to  accumulate  in  the  corpuscles  as  well  as  the  plasma. 
We  have,  nevertheless,  encoimtered  some  cases  in  which  the 
plasma  creatinine  seemed  to  have  increased  out  of  proportion 
to  that  of  the  whole  blood,  and  others  in  which  blood  containing 
an  abnormally  large  quantity  of  creatiiiine  3delded  a  plasma  with 
the  normal  amount.  These  occasional  findings  encourage  us  to 
hope  that  the  plasma  creatinine,  as  distinct  from  the  blood 
creatinine,  may  prove  to  have  a  diagnostic  value  of  its  own. 

The  concentration  of  creatine  in  the  plasma  does  not  appear 
to  bear  any  relation  to  the  occurrence  of  creatine  in  the  iu*ine. 
We  have  obtained  no  indication  of  the  existence  of  a  threshold 
for  creatine. 

Observations  on  parturient  women  seem  to  indicate  that  there 
is  a  ready  interchange  of  both  substances  between  the  mother 
and  the  fetus.  The  concentration  of  each  is  nearly  the  same  in 
both  bloods,  and  especially  in  the  plasmas.  Where  a  difference 
exists  it  is  almost  always  in  the  direction  of  a  somewhat  higher 
concentration  in  the  placental  blood.  In  the  majority  of  our 
cases  the  creatinine  content  of  maternal  and  placental  blood  was 
above  the  normal. 

The  results  reported  are  of  a  preliminary  character  only,  and 
the  work  is  being  continued  along  each  of  the  lines  suggested. 
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.    THE  EFFECT  OF  ARTIFICIAL  RESPIRATION  ON  GLTCEMIA. 

By  I.  S.  KLEINER  and  S.  J.  MELTZER. 

(From  the  Department  of  Physiology  and  Pharmacology  of  The  RockefeUer 

InatittUe  for  Medical  Research.) 

The  hyperglycemia  which  is  produced  by  an  intravenous  in- 
jection of  magnesium  sulfate  was  shown  in  a  previous  report* 
not  to  be  due  to  asphyxia,  as  had  been  suggested.*  In  those 
experiments  artificial  respiration  had  been  given  in  order  to 
prevent  asphyxia,  and,  nevertheless,  a  marked  hyperglycemia 
had  been  caused  by  the  magnesium  injection.  It  occiured  to  us 
later  that  possibly  these  results  might  have  been  due  simply  to 
the  artificial  respiration,  since  Henderson  and  Underbill^  have 
reported  that  acapnia  may  produce  an  increase  in  the  percentage 
of  blood  sugar.  We  have  therefore  determined  the  influence  of 
artificial  respiration  upon  the  blood  sugar  concentration. 

Ten  dogs  were  used  in  this  work.  Under  local  anesthesia 
a  cannula  was  inserted  in  a  femoral  artery  and  a  tracheal  cannula 
introduced  for  artificial  respiration.  In  five  experiments  there 
were  20  or  21  interruptions  of  the  air  current  per  minute,  and  in 
five  40  to  44  per  minute.  Artificial  respiration  of  the  ordinary 
type,  but  with  comparatively  high  air  pressure,  was  administered 
for  1  hour.  In  none  of  the  experiments  was  there  any  marked 
increase  in  the  blood  sugar,  0.04  per  cent  being  the  greatest 
increase  in  any.  In  five  out  of  the  ten  experiments  there  was  no 
increase  whatever. 

It  is  thus  evident  that  vigorous  artificial  respiration  for  1  hour 
caiises  no  appreciable  effect  upon  the  percentage  of  sugar  in  the 
blood  and  therefore  the  hyperglycemia  present  when  MgSOi 
is  injected  cannot  be  the  result  of  an  overventilation  by  the 
artificial  respiration. 

THE  NATURE  OF  THE  BLOOD  SUGAR. 

By  HUGH  McGUIGAN. 
{From  Northwestern  University  Medical  School,  Chicago,) 

The  work  is  based  mainly  on  the  known  fact  that  picric  acid 
does  not  interfere  with  the  determination  of  blood  sugar  by 

'  Kleiner,  I.  S.,  and  Meltzer,  S.  J.,  /.  Biol.  Chem.,  1916,  xxiv,  p.  xx. 
•  Underbill,  F.  P.,  and  Closson,  O.  E.,  Am.  J.  Physiol,  1906,  xv,  32L 
'  Henderson,  Y.,  and  Underbill,  F.  P.,  Am.  J.  Physiol.,  1911,  xxviii,  275. 
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Fehling's  solution.  The  results,  however,  were  corroborated  by 
other  methods.  If  the  filtrate  from  the  picric  acid  is  analyzed 
directly  it  is  foimd  to  contain  on  the  average  about  25  per  cent  of 
the  total  blood  sugar.  When,  however,  the  picric  acid  filtrate  is 
boiled  with  4  per  cent  acetic  acid  for  2  minutes  the  sugar  yielded 
rises  on  the  average  four  times.  The  results  indicate  a  hydrolysis 
probably  of  a  dextrin.  The  dialyzed  senmi  gives  the  same  results. 
Ether  anesthesia  changes  the  ratio  of  the  polysaccharide  (?) 
to  the  dextrose  from  4:1  approximately  to  1:1.  In  severe 
diabetes  the  ratio  is  approximately  1:1. 

There  is  a  possibility  of  an  interfering  substance  in  the  picric 
acid  filtrate  which  may  hold  the  cuprous  oxide  in  solution,  but 
we  have  been  unable  to  find  Such  a  body.  Consequently  we 
think  that  any  one  method  of  blood  sugar  analysis  is  insuflScient, 
that  the  ratio  of  the  free  to  the  combined  or  polysaccharide  should 
be  determined,  and  that  the  ratio  of  the  two  is  of  significance  in 
diabetes.  The  polysaccharide  or  combined  form  corresponds  to 
what  has  been  called  virtual  sugar. 

THB  ENZTlfES  OF  THE  TUBERCLE  BACILLUS. 

By  H.  J.  CORPER  and  H.  C.  SWEANY. 
{From  the  Municipal  Tvberculosis  Sanitarium  of  the  City  of  Chicago,) 

Tubercle  baciUi  both  of  the  human  and  bovine  variety  possess 
autolytic  enzymes,  as  indicated  by  the  Uberation  at  incubator 
temperatiu'e  of  non-coagulable  nitrogen,  and  of  amino-acid  a- 
nitrogen  after  the  baciUi  have  been  killed  by  toluene  and  chloro- 
form. The  bacilH  themselves,  or  autolysates  therefrom,  also 
possess  a  trypsin-Uke  enzyme  capable  of  splitting  proteins  in 
alkaline  solution,  a  weak  pepsin-like  enzyme  capable  of  spUtting 
proteins  in  acid,  an  erepsin-like  enzyme  capable  of  decomposing 
peptone  in  acid  solution,  a  nuclease  capable  of  acting  upon  nucleic 
acid,  and  a  urease  capable  of  decomposing  urea.  The  tubercle 
bacilli,  or  autolysates  therefrom,  do  not  possess  enzymes  capable 
of  hydrolyzing  starch  or  inverting  saccharose  at  incubator  tem- 
perature, at  least  not  to  an  extent  capable  of  demonstration  by 
the  delicate  Lewis  and  Benedict  colorimetric  picramic  acid 
method.  Autolysates  from  tubercle  bacilli  do  not  possess  en- 
zymes  capable  of  digesting  elastic  tissue  prepared  from  lamb's 
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lung,  or  connective  tissue  prepared  from,  tubercles,  at  least  not 
by  the  methods  used  for  demonstrating  these  enzymes.  The 
demonstration  of  the  latter  enzymes  of  necessity  had  to  be  by 
mdirect  methods  of  attack  and  are,  therefore,  open  to  criticism. 

A    STUDY    OF   FOOD    FISHES.    THE    COMPLETE   ANALYSIS   OP 
TWENTY  COMMON  FOOD  FISHES,  WITH  ESPECIAL  REFER- 
ENCE TO  A  SEASONAL  VARIATION  IN  COMPOSITION. 

By  E.  D.  CLARK  and  L.  H.  ALMY. 

(From  the  Food  Research  Laboratory,  Bureau  of  Chemistry ,  United  States 

Department  of  Agriculture,  Washington,) 

In  the  present  investigation .  specimens  of  twenty  different 
species  of  fish  were  analyzed,  some  only  once  and  others  twice 
or  more  times  during  the  year.  In  general,  there  is  little  variation 
in  the  amoimt  of  nitrogenous  and  ash  constituents,  but  fat  is 
the  great  variable^  its  amoimt  depending  upon  the  season,  age 
of  fish,  and  relation  to  time  of  spawning  and  feeding.  The 
typical  migratory  fish,  like  shad,  bluefish,  weakfish,  and  mackerel, 
sometimes  show  variations  from  less  than  0.5  per  cent  to  over 
16  per  cent,  depending  upon  the  factors  mentioned  above.  On 
the  other  hand,  typical  bottom  fish,  Uke  cod,  haddock,  and 
flounders,  have  a  minimum  amoimt  of  fat  which  varies  but  slightly 
compared  with  surface  and  migratory  species.  Analysis  of 
individuals  taken  from  the  same  school  of  fish  also  show  variations 
in  fat  content  from  1  to  8  per  cent  in  the  case  of  weakfish.  Some 
species,  like  shad  and  salmon,  are  fattest  in  the  spring,  while 
others,  Uke  bluefish  and  butterfish,  are  at  their  best  in  the  fall  just 
after  the  active  feeding  period.  In  the  case  of  shad,  the  per- 
centage of  fat  decreased  from  a  maximum  of  over  14  per  cent  in 
April  before  spawning  to  a  minimum  of  less  than  3  per  cent  in 
June  when  the  fish  were  spent  after  spawning. 

In  the  case  of  the  nitrogenous  constituents  of  fish  there  is  much 
less  variation  than  in  the  fat.  The  coagulable  aiid  hot-water- 
soluble  constituents  (gelatin-like  substances)  vary  somewhat  with 
the  species  but  change  little  from  spring  to  autumn  or  winter. 
There  were  striking  differences  in  the  percentages  of  anmionia 
nitrogen,  but  it  is  not  certain  whether  they  were  due  to  individual 
or  species  differences  or  to  the  varying  leaching  effect  of  water 
from  melting  ice  in  which  the  fish  were  packed  for  shipment. 
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A  KOIS  ON  CERTAIN  CHEMICAL  CHANGES  IN  SH^CKED  OYSTERS 
UNDER  REFRIGERATION,  AND  METHODS  OF  DETECTING 

THESE  CHANGES. 

By  E.  D.  CLARK  and  L.  H.  ALMY. 

{From  the  Food  Research  Laboratory,  Bureau  of  Chemietryf  United  States 

Department  of  Agriculture ,  Washington,) 

The  work  reported  deals  with  chemical  methods  of  supple- 
menting bacterial  comits  in  the  analysis  of  oysters.  Preliminary 
experiments  showed  that  freshly  shucked  oysters  standing  at 
temperatures  above  the  freezing  point  yielded  regularly  increasing 
percentages  of  anmioniacal  nitrogen  by  aeration,  amino-acid 
nitrogen,  and  reducing  substances. 

Larger  scale  studies  were  then  made  upon  lots  of  oysters  held 
at  ice  box  temperatures  (45**  F.)  and  in  cold  rooms  at  40**  F.  and 
34®  F.,  respectively.  All  these  temperatures  are  regularly  em- 
ployed in  the  commercial  handling  and  transportation  of  oysters, 
either  in  car  lots  or  small  packages.  To  simulate  conmiercial 
practices  in  handling  and  transporting  oysters,  samples  were 
held  at  different  temperatiu'es  for  various  periods  of  time  up  to 
15  days.  During  storage  the  ammoniacal  nitrogen  showed  the 
mofit  marked  increases,  but  the  low  temperatiu^e  of  34®  F.  had 
a  great  inhibiting  effect  on  the  production  of  ammonia.  The 
amino-add  nitrogen  and  reducing  substance  (probably  sugar) 
did  not  show  increases  of  the  same  magnitude  as  ammonia  because 
they  may  have  been  assimilated  by  bacteria,  while  ammonia  is 
an  end-product  of  bacterial  metabolism.  The  amino-acid  nitro- 
gen was  determined  by  Van  Slyke's  gasometric  method  and  by 
Sorensen's  formol  titration  method,  both  of  which  procedures 
gave  satisfactory  and  concordant  results  on  oyster  extracts. 
The  reducing  substances  were  estimated  by  Benedict's  quantita- 
tive method  for  sugar,  using  alkaline  copper  solution. 

In  general,  the  lower  temperatures  greatly  retarded  the  forma- 
tion of  ammonia  during  storage,  but  apparently  did  not  affect 
the  other  changes  to  as  great  an  extent,  possibly  because  increases 
in  amino-acid  nitrogen  and  reducing  substances  were  due  to 
enzymes  which  were  much  less  retarded  by  low  temperatures 
than  was  the  growth  of  bacteria  concerned  in  the  production  of 
anunonia.    The   reducing   substance   may   have    been    glucose 
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arising  from  the  hydrolysis  of  glycogen  in  the  oyster  tissues. 
Living  oysters,  or  those  suddenly  killed  by  plunging  into  boiling 
water,  contained  hardly  a  trace  of  reducing  substance.  As  is 
the  case  with  all  perishable  substances,  decomposition  in  oysters 
is  not  prevented  by  low  temperatures  but  is  merely  retarded, 
especially  at  temperatures  near  the  freezing  point. 

PRELIMINARY  OBSERVATIONS  ON  THE  REGULATION   OF  THE 

CALCIUM  EXCRETION  IN  THE  DOG. 

By  MAURICE  H.  GIVENS. 

(From  the  Sheffield  Laboratory  of  Physiological  Chemistry y  Yale  University , 

?few  Haven.) 

A  dog  weighing  13.3  kilos  has  been  maintained  in  nitrogenous 
equiUbriimi  over  a  period  of  60  days,  during  which  time  the  cal- 
cium balance  has  been  negative.  This  was  brought  about  by 
feeding  on  a  meat,  lard,  cracker  meal  diet.  When  for  the  cracker 
meal  dried  skinmied  milk  and  sucrose  were  substituted,  on  the 
basis  of  nitrogen  and  calorie  equivalent,  there  was  an  approach 
toward  a  calcimn  balance.  The  dried  skimumed  milk  diet  con- 
tained six  and  a  half  times  as  much  calcium  as  the  meat,  cracker 
meal  ration. 

When  sodiimi  bicarbonate  (0.5  gm.  per  kilo)  was  added  to  the 
meat,  cracker  diet,  no  effect  was  produced  on  the  calcium  output. 
No  effect  was  observed  on  the  addition  of  bicarbonate  to  the 
dried  milk  feed. 

On  the  other  hand,  when  hydrochloric  acid  (0.11  gm.  per  kUo) 
was  added  to  the  meat,  cracker  diet,  there  was  a  prompt  increase 
in  the  excretion  of  calciima  by  way  of  the  kidneys,  presumably 
through  diversion  from  the  intestinal  path.  When  the  acid  was 
superimposed  upon  the  high  calcium  diet  there  was  likewise  an 
increased  urinary  excretion  of  calcium  though  not  at  the  expense 
of  the  fecal  output. 

The  reported  effect  of  alkali  bicarbonate  upon  the  calcium 
output  during  various  levels  of  calcium  intake  has  been  confirmed 
on  a  second  dog.    These  studies  are  being  continued. 
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THE  INFLUENCE  OF  ACID  AND  ALKALI  ON  THE  ABSORPTION  OF 

GLUCOSE  FROM  THE  INTESTINE. 

By  JOHN  R.  MURLIN. 

{Prom  the  Physiological  Laboratory  of  Cornell  University  Medical  C allege ^ 

New  York  City,) 

Loops  of  the  small  intestine  of  chloretonized  dogs  were 
measured  off  so  as  to  be  as  nearly  equal  in  length  as  possible, 
washed  out  with  warm  Ringer's  or  Tyrode's  solution,  and  then 
filled  with  equal  quantities  of  glucose  solutions,  one  having  a 
certain  strength  of  alkali  measured  as  anhydrous  sodiimii  carbo- 
nate, and  the  other  an  equivalent  amount  of  hydrochloric  acid. 
The  solutions  were  permitted  to  remain  in  the  intestine  for 
from  30  to  165  minutes,  then  withdrawn,  and  titrated  for  sugar 
with  Benedict's  solution.  Out  of  nearly  two  dozen  experiments 
only  two  failed  to  show  more  absorption  from  the  alkaline  medium 
than  from  the  acid,  and  in  one  of  these  there  was  sign  of  leakage 
through  the  ligatures. 

The  following  may  be  cited  as  examples. 


AbEorption  per  minute. 

I>oc 

Gluooee 
given. 

Strength  of  alkali. 

No. 

Alkaline 
loop. 

Acid  loop. 

Length  of 
time. 

gtn. 

mg. 

mg. 

min. 

11 

2.97 

0.3  per  cent. 

20 

10 

34  and  37 

HI 

2.94 

0.5     "      " 

20 

12 

120 

IV 

2.14 

0.3     "      " 

13 

10 

165 

VI 

1.90 

0.3     "      "     in  both  loops. 

14 

15 

90 

A 

2  per  cent. 

0.1  N 

0.36 

0.63 

30 

B 

2  "      " 

0.2" 

0.035* 

0.166* 

45 

*  Per  cm.  length.    The  loops  were  not  equal  in  length. 

In  general,  the  greater  the  concentration  of  the  acid  and  alkali, 
the  greater  was  the  difference  in  absorption  between  the  two 
loops.  In  several  instances  the  mucous  lining  of  the  alkaline 
loop  was  ground  and  hydrolyzed  with  hydrochloric  acid,  but  no 
reducing  substance  was  found. 

The  explanation  of  the  difference  seems  to  be  the  different 
effects  of  alkali  and  acid  on  protoplasm,  the  one  tending  to  in- 
crease permeability,  the  other  to  decrease  it.^ 

»  Osterhout,  W.  J.  V.,  /.  Biol.  Chem.,  1914,  xix,  335.    . 
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AN  EXPERIMENTAL  STUDY  OF  LIPOLYTIC  ACTIONS. 

Bt  K.  GEORGE  FALK. 

(From  the  Harriman  Research  Laboratory ,  Roosevelt  Hospital,  New  York.) 

The  inactivation  of  esterase  and  lipase  from  castor  beans  by 
acids,  bases,  neutral  salts,  alcohols,  acetone,  esters,  and  heat  led 
to  the  hypothesis  that  the  lipolytically  active  grouping  is  the 
tautomeric  enoUactim  form  of  the  peptide  linking  which  becomes 
inactive  on  rearrangement  to  the  keto  form.  Experiments  test- 
ing this  view  resulted  in  the  production  of  Upolytically  active  sub- 
stances by  the  action  of  alkali  on  castor  bean  globulin,  casein,  and 
gelatin.  Further  confirming  evidence  was  obtained  on  studying 
the  ester-hydrolyzing  action  of  glycine,  glycyl-glycine,  and  hip- 
puric  acid  at  different  hydrogen  ion  concentrations.  Summar- 
izing, it  may  be  said  that,  given  a  definite  chemical  grouping  the 
nature  of  which  has  been  indicated,  and  which  may  be  present  in 
different  classes  of  substances,  certain  definite  lipolytic  actions 
will  result. 

A  METHOD  FOR  THE  SEPARATION  OF  THE  DIETARY  ESSENTIAL, 

••FAT-SOLUBLE  A,"  FROM  BUTTER  FAT. 

By  E.  V.  McCOLLUM,  N.  SIMMONDS,  and  H.  8TEENB0CK. 

(From  the  Laboratory  of  Agricultural  Chemistry,  University  of  Wisconsin, 

Madison,) 

Fat-free  milk,  when  included  in  a  diet  consisting  otherwise  of 
purified  food  substances,  promotes  growth  and  prevents  decline 
of  animals  in  a  manner  which  indicates  that  it  still  contains  the 
fat-soluble  essential  in  appreciable  amoimt.  This  led  us  to  suspect 
that  it  is  appreciably  soluble  in  water.  Experiments  have  been 
conducted  in  which  butter  fat  was  employed  which  had  been 
melted  and  thoroughly  agitated  with  twenty  successive  portions 
of  water.  After  this  treatment  it  is  no  longer  effective  in  inducing 
growth  when  fed  with  suitably  constituted  diets.  Change  to 
unwashed  butter  fat  was  followed  by  prompt  resumption  of 
growth. 
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ANTINEURITIC  SX7BSTANCES  FROM  £GG  TOLK. 

By  H.  STEENBOCK. 

(Prom  the  Laboratory  of  Agrictdturdl  Chemistry,  University  of  Wisconsin , 

Madison.) 

By  means  of  neutral  solvents  there  was  prepared  a  water- 
acetone-Boluble  fraction  from  egg  yolk  which  in  small  doses  by 
iiitrap)eritoneal  injections  was  able  to  ciire  a  pigeon  suffering  from 
polyneuritis.  The  antineuritic  principle  was  foimd  stable  to 
concentrated  hydrochloric  acid  at  98®  and  to  concentrated  al- 
kalies at  room  temperature,  but  readily  destroyed  by  dilute 
alkalies  at  the  boiling  temperature.  Phosphotungstic  acid  pre- 
cipitated it  incompletely.    It  was  not  adenine. 

THE  ISOLATION  OF  STACHYDRIN  FROM  ALFALFA  HAY. 

Bt  H.  STEENBOCK. 

(From  the  Laboratory  of  Agricultural  Chemistry ,  University  of  Wisconsin, 

Madison,) 

i-Stachydrin  has  been  isolated  in  pure  form  and  as  the  hydro- 
chloride from  the  phosphotungstic  acid  fraction  of  the  water- 
soluble  constituents  of  alfalfa  hay.  For  its  identification  the 
picrate,  chloroplatinate,  aurate,  methyl  ester,  and  methyl  ester 
chloroaurate  were  prepared  and  found  characteristic.  The  optical 
activity  was  found  slightly  below  the  reported  value  though  of 
the  same  sign.  Both  the  Kossel  and  the  Van  Slyke  methods 
when  applied  directly  to  alfalfa  hay  nitrogen  give  erroneous 
values  for  the  diamino-acids,  the  error  in  the  first  case  falling 
upon  the  lysine  fraction  and  in  the  second  case  upon  the  histidine 
fraction. 

A   METHOD  FOR  THE  IDENTIFICATION   OF  PHENYLALANINE- 
URAMINO-ACID  IN  THE  PRESENCE  OF  UREA  AND 

AMINO-ACID.* 

By  ALICE  ROHDE. 

So  far  it  is  undetermined  whether  uramino-acids  exist  pre- 
formed in  the  body  fluids  or  whether  when  isolated  they  are  the 
products  of  the  interaction  of  urea  and  of  amino-acid  present. 

*  Read  by  invitation. 
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Large  intravenous  doses  of  phenylalanine  were  administered  to 
cats  under  urethane  anesthesia,  the  urine  was  collected  from  blad- 
der cannulas,  and  the  urea  completely  destroyed  as  secreted  by 
urease.  After  extraction  of  the  urea-free  material  with  acetic 
ether  the  aqueous  residues  left  on  distillation  with  steam  were 
analyzed  for  traces  of  uramino-acid  by  the  gasometric  method 
for  the  determination  of  amino  nitrogen.  No  phenylalanine- 
uramino-acid  could  be  detected.  The  determination  of  pheml- 
alanine-uramino-acid  added  to  urine  and  Jack  bean  extract  is 
approximately  quantitative  by  this  method,  so  that  one  may 
expect  to  identify  minute  amoimts  of  preformed  uramino-acid 
if  present. 


THE  ABSORPTION  OF  ALCOHOL  AND  ITS  CONCENTRATION  IK 
THE  URINE  WHEN  INJECTED  BY  RECTUM. 

By  T.  M.  carpenter  and  E.  B.  BABCOCK. 

(From  the  Carnegie  Nutrition  Laboratory y  Boston.) 

Studies  were  made  with  four  medical  students  of  the  absorption 
of  ethyl  alcohol  when  introduced  by  the  rectimi.  Concentrations 
of  5,  7.5,  and  10  per  cent  were  used  and  amounts  varying  from 
200  to  1,000  cc.  were  introduced  into  the  rectum.  The  average 
amount  of  alcohol  given  was  about  25  gm.  The  solutions  were 
retained  from  2  to  5  hours.  The  unabsorbed  alcohol  was  de- 
termined in  the  washouts  by  the  Nicloux  method.  The  absorp- 
tion of  alcohol  was  practically  complete  in  all  cases,  the  highest 
amount  unabsorbed  found  being  about  0.5  gm. 

*The  concentration  of  alcohol  in  the  urine  was  also  deternained 
by  collecting  the  urine  in  as  short  periods  as  possible  after  the 
alcohol  was  introduced  into  the  body  either  by  mouth  or  by 
rectum.  The  maximmn  concentration  was  about  0.40  mg.  per  1 
cc.  and  appeared  between  the  1st  and  2nd  hours  after  ingestion. 
It  fell  to  zero  in  about  5  to  6  hours.  In  one  subject  there  was  a 
tendency  for  the  alcohol  percentage  to  be  higher  when  it  was 
taken  by  mouth ;  in  the  other  the  concentrations  were  about  the 
same  irrespective  of  the  method  of  ingestion. 
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THE  COMPOSITION  OF  RENAL  AND  VESICAL  CALCULI. 

By  SAMUEL  BOOKMAN. 

In  the  quantitative  analysis  of  fourteen  stones,  it  is  proven 
that  the  alkalinity  of  the  urine  is  probably  at  no  time  sufficiently 
strong  to  dissolve  the  uric  acid  and  urate  stones,  neither  is  it 
acid  enough  to  cause  the  solution  of  oxalate  and  phosphate  stones, 
which  will  account  for  the  formation  of  mixed  stones.  The  per- 
centage composition  of  these  stones  exemplifies  the  change  from 
the  acid  to  the  alkaline  precipitation,  or  the  reverse,  the  phos- 
phates and  carbonates  being  precipitated  in  the  alkaline  condition, 
and  the  urates  and  lu'ic  acid  in  the  more  acid  reaction,  the  oxalates 
in  the  less  acid  mines,  as  well  as  in  the  alkaline  condition.  No 
doubt  the  disturbance  in  the  colloid  equQibriiun  plays  an  impor- 
tant part  in  this  precipitation,  but  in  addition  we  have  the  fol- 
lowing contributing  conditions  to  reckon  with  as  well:  diet, 
acidity,  concentration,  inflammation,  and  bacterial  decomposition 
within  the  urinary  tract. 

THE  ACTIVE  CONSTITUENT  OF  THE  THYROID:  ITS  ISOLATION, 
CHEMICAL  PROPERTIES,  AND  PHYSIOLOGICAL  ACTION. 

By  E.  C.  KENDALL. 
(From  the  Mayo  Clinic ,  Rochester ,  Minn.) 

Primary  cleavage  of  thyroid  proteins  results  in  acid-insoluble 
A  and  acid-soluble  B  constituents.  Separation  of  the  iodine 
compoimd  from  A  is  accomplished  by  the  solubility  of  its  barium 
compoimd  in  bariima  and  sodium  hydroxides.  Many  successive 
precipitations,  alternated  with  heating  in  sodiiun  hydroxide  and 
the  action  of  carbon  dioxide,  remove  impurities,  the  last  traces 
of  which  are  removed  by  dissolving  in  alkaline  alcohol  and  pre- 
cipitating with  acetic  acid.  The  active  constituent  separates 
in  microscopic  needles.  It  may  be  precipitated  as  free  base  or 
in  salt  form.  The  free  base  is  insoluble  in  alcohol  and  contains 
65  per  cent  of  iodine.  The  sulfuric  acid  salt  is  soluble  in  alcohol 
and  contains  60  per  cent  of  iodine.  Its  molecular  weight  appears 
to  be  586.  The  chemical  properties  depend  upon  the  degree  of 
purification  and  the  presence  of  other  substances.  In  impm*e 
form  heating  with  acid  destroys  the  physiological  activity  and 
gives  a  product  resembling  Baumann's  iodothyrin. 
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The  physiological  activity  depends  upon  the  amount  admin- 
istered and  the  susceptibility  of  the  individual.  0.125  to  0.25  mg. 
daily  is  sufficient  for  cretinism.  The  maximal  quantity  tolerated 
by  human  beings  so  far  tried  has  been  2  mg.  daily.  The  response 
is  not  inunediate;  24  to  72  hours  may  elapse  before  the  physio- 
logical effects  appear.  So  called  hyperthyroidism  symptoms  and 
death  follow  administration  of  excessive  doses  to  animals. 

■ 

NEW  BUFFER  MIXTURES,  STANDARD  TX7BES,  AND  COLORDAETER 
FOR  DETERMINING  THE  HYDROGEN  ION  CONCENTRATION 

OF  SEA  WATER.* 

By  J.  F.  McCLENDON. 

(From  the   Physiological   Laboratory  of  the    University  ofMinnesoiaj 

Minneapolis.) 

Two  stock  solutions  were  used:  (1)  0.3  m  boric  acid  containing 
2.25  per  cent  NaCl,  and  (2)  0.075  m  borax  containing  1.9  per  cent 
NaCl,  and  mixed  in  thirty  different  proportions  that  may  be 
estimated  by  plotting  from  data  in  the  following  table.  The 
first  colunrn  gives  the  percentage  of  the  boric  acid  solution,  the 
second  that  of  the  borax  solution,  the  third  the  Ph  of  sea  water  of 
13.9  gm.  CI  per  liter,  the  fom*th  the  Ph  of  sea  water  of  17.7  gm. 
CI  per  liter,  and  the  fifth  the  ?„  of  sea  water  of  21.5  gm.  CI  per 
liter.  The  tubes  of  borate  mixtures  and  sea  water  have  been 
caUbrated  fifty  times  by  means  of  the  hydrogen  electrode,  and 
recalibrated  by  the  same  means  at  Princeton  University. 

79.5  20.5  7.50  7.45  7.40 

.72  28  7.70  7.65  7.60 

68  32  7.80  7.75  7.70 

60  40  8.00  7.95  7.90 

37  63  8.50  8.45  8.40 

8  92  9.00  8.95  8.90 

1  99  9.10  9.05  9.00 

Thymolsulfophthalein  was  used  as  indicator  from  Ph  7.9  to  9 
and  o-cresolsulfophthalein  from  Ph  7.5  to  8.3,  so  as  to  form  0.001 
per  cent  solution  in  both  buffers  and  sea  water.  The  buffers 
were  sealed  in  ''  Nonsol ''  tubes  of  24  mm.  bore  and  the  sea  water 

*  Read  by  title. 
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was  placed  in  open  tubes  of  the  same  bore,  and  compared  in  a 
colorimeter  having  the  lenses  of  a  stereoscope  placed  in  contact 
so  as  to  bring  the  centers  of  the  tubes  together  in  a  sharp  line  when 
viewed  from  the  side  with  one  eye  6  inches  from  the  lenses.  Tables 
were  prepared  for  determining  the  CQs  tension,  COj  content, 
Oi  content,  and  heat  given  off  in  the  respiration  of  marine  animals.* 

THE  INFLUENCE  OF  TEMPERATURES  ABOVE  FREEZING  ON  THE 
CHANGES   IN    CHEMICAL    COMPOSITION,   BACTERIAL 
CONTENT,  AND  HISTOLOGICAL  STRUCTURE  OF 
THE  FLESH  OF  THE  COMMON  FOWL. 

Bt  M.  E.  PENNINGTON,  J.  S.  HEPBURN,  E.  Q.  St.  JOHN,  and 

E.  WITMER. 

{From  the  Food  Research  Laboratory ^  Bureau  of  Chemistry j  United  States 

Department  of  Agriculture ^  Washington.) 

Chickens  were  killed  and  picked,  and  were  kept  at  a  temperature 
of  approximately  0°C.  for  24  hours,  in  order  to  remove  the  animal 
heat.  Some  birds  were  then  analyzed  as  "freshly  killed  chickens;^' 
others  were  kept  in  the  room  (average  temperature  23.9°C.,  maxi- 
mum holding  period  4  days),  or  in  a  house  refrigerator  (tempera- 
ture 7.2-12.8°C.,  maximum  holding  period  7  days),  or  in  a  mechan- 
ically refrigerated  "chill  room"  (temperature  0°C.,  maximum 
holding  period  3  weeks),  and  were  then  analyzed.  A  number  of 
analyses  were  made,  both  of  freshly  killed  birds  and  of  birds 
kept  at  each  of  the  temperatures  stated.  While  the  total  nitrogen 
content  of  the  muscle  remained  unchanged,  the  partition  of  the 
nitrogen  imderwent  changes  at  all  three  temperatures  of  holding. 
Thus  the  total  nitrogen  of  the  aqueous  extract  invariably  in- 
creased in  the  chickens  kept  in  the  room,  the  increase  being  a 
direct  function  of  the  period  of  holding;  in  the  refrigerator  this 
fraction  of  the  nitrogen  at  times  either  increased  or  decreased, 
depending  on  the  period  of  holding;  in  the  chill  room  it  decreased 
during  the  first  2 'weeks  of  holding,  then  increased.  At  all  three 
temperatures  of  holding,  the  amino-acid  and  basic  nitrogen 
increased  at  the  expense  of  the  protein  nitrogen,  usually  in  a  pro- 
gressive manner.     The  most  striking  change  in  the  fat  constants 

•The  sealed  tubes  and  colorimeter  may  be  obtained  from  Hynson, 
Westcott,  and  Dunning,  Baltimore. 
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was  an  increase  in  the  acid  value,  which  became  progressively 
greater  as  the  period  of  holding  lengthened.    Both  the  formation 
of  amino-acid  and  basic  nitrogen,  and  the  increase  in  the  add 
value  of  the  fat  occurred  most  rapidly  at  the  temperature  of  the 
room,  least  rapidly  at  that  of  the  chill  room.    Frequently  the 
saponification  nimiber  and  the  Hehner  number  of  the  fat  in- 
creased or  decreased  simiUtaneoiLsly.    The  bacteria,  which  grow 
under  aerobic  conditions,  increased  in  both  the  muscles  and  the 
skin  at  all  three  temperatures  of  holding;  the  increase  was  enor- 
mous in  the  chickens  kept  in  the  room,  and  was  less  marked,  though 
distinct,  in  those  kept  in  the  refrigerator,  and  in  the  chill  room; 
the  increase  usually  became  greater  as  the  period  of  holding  length- 
ened.   Organisms  which  Uquefy  gelatin  were  comparatively  few 
in  number,  even  in  the  chickens  which  had  been  kept  in  the  room, 
and  in  which  the  proteolysis  had  become  most  advanced.    The 
muscle  cells  changed  in  width  at  all  three  temperatm*es  of  holding. 
A  pronounced  swelling  or  increase  in  width  occurred  at  the  tem- 
perature of  the  room,  and  a  slight  increase  in  width  at  the  tem- 
peratm*e  of  the  refrigerator.    A  shrinkage  or  decrease  in  width 
of  the  muscle  cells — usually  progressive — took  place  at  the  tem- 
perature of  the  chill  room.    At  all  three  temperatures,  room, 
refrigerator,  and  chill  room,  ruptm*e  of  the  muscle  fibers  and 
exudation  of  the  cell  contents  occurred;  the  muscle,  its  nerves 
and  blood  vessels,  and  the  connective  tissue  became  altered  in 
histological  structure  and  in  the  staining  power  of  their  various 
elements;  these  changes  in  structure  and  in  aflSnity  for  stains 
depended  in  part  on  the  temperatm*e,  and  in  part-  on  the  time  of 
holding. 

The  changes  which  occurred  during  holding  in  the  chill  room 
for  3  weeks  were  about  equal  to  those  occurring  during  holding 
in  the  house  refrigerator  for  5  to  7  days.  The  changes  which 
took  place  during  holding  in  the  house  refrigerator  for  5  da>^ 
were  less  than  those  taking  place  during  holding  in  the  room  for 
2  days. 
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THE  INFLUENCE  OF  TEMPERATURES  BELOW  FREEZING  ON  THE 

CHANGES     IN     CHEMICAL     COMPOSITION,     BACTERIAL 

CONTENT,  AND  HISTOLOGICAL  STRUCTURE  OF 

THE  FLESH  OF  THE  COMMON  FOWL. 

Bt  M.  E.  PENNINGTON,  J.  S.  HEPBURN,  E.  Q.  St.  JOHN,  and 

E.  WITMER. 

{From  the  Food  Research  Laboratory ,  Bureau  of  Chemistry f  United  States 

Department  of  Agriculture,  Washington,) 

Chickens  were  killed  and  dry  picked  and  kept  at  0®C.  for  24 
hours  to  remove  the  animal  heat.  They  were  next  frozen  solid 
by  holding  for  48  hours  in  a  "sharp  freezer"  at  a  temperature  not 
higher  than  —  14.4®C.,  then  were  stored  in  mechanically  re- 
frigerated "freezers"  at  a  temperature  of  —9 13°C.  for  defi- 
nite periods  of  time,  the  maximum  period  being  2  years.  Every 
3  or  4  months,  several  samples  were  taken  from  the  freezer  and 
analyzed.  The  "freshly  killed  chickens"  of  the  preceding  re- 
search were  taken  as  the  fresh  standards  with  which  to  compare 
these  hard  frozen  chickens.  The  muscular  tissue  showed  a 
progressive  desiccation,  or  loss  of  water,  while  the  chickens  were 
held  in  the  freezer.  The  total  nitrogen  of  the  muscle  remained 
unchanged;  however,  changes  occurred  in  the  partition  of  the 
nitrogen.  Thus  the  total  nitrogen  of  the  aqueous  extract  in- 
creased or  decreased,  depending  on  the  period  of  holding.  The 
amino-acid  and  basic  nitrogen  showed  small  but  progressive 
increases;  this  indicated  that  a  slow  but  distinct  proteolysis 
had  occurred,  leading  to  the  accumulation  of  non-protein  nitrog- 
enous compounds  at  the  expense  of  the  protein.  The  acid  value 
of  the  fat  increased;  the  saponification  number  and  the  Hehner 
niunber  decreased  dm*ing  the  early  months  of  holding,  then  in- 
creased. The  hydrolysis  of  the  fat  and  the  digestion  of  the 
protein  occurred  far  less  rapidly  than  in  chickens  held  at  tempera- 
tures above  freezing. 

The  bacteria,  which  grow  under  aerobic  conditions,  decreased 
in  nimaber  in  the  muscle  dm*ing  the  freezer  storage;  the  decrease 
was  apparent  at  the  end  of  4  months,  became  more  marked  as 
the  period  of  holding  lengthened,  and  was  most  marked  after  the 
birds  had  been  in  the  freezer  for  1  year  or  longer.  Organisms 
which  liquefy  gelatin  and  those  which  grow  in  an  anaerobic 
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environment  were  present  only  occasionally  in  the  chickens  from 
the  freezer;  organisms  of  putrefaction,  which  grow  imder  anaerobic 
conditions  after  their  suspension  in  physiologic  salt  solution  has 
been  kept  at  80*^C.  for  10  minutes,  were  present  still  less  frequently. 
The  evidence  points  to  an  enzymic  rather  than  to  a  bacteriologic 
cause  for  the  foi'egoing  chemical  changes. 

The  phenomenon  of  freezing  in  itself  produced  little,  if  any, 
change  in  the  width  of  the  muscle  cells,  as  was  shown  by  measure- 
ment of  sections  cut  from  different  pieces,  removed  from  the  same 
muscles  before  and  after  freezing  the  chickens  at  an  average 
temperature  of  —  11°C.  in  the  "freezer."  However,  during  pro- 
longed holding  in  the  freezer,  a  progressive  shrinkage  or  decrease 
in  width  of  the  cells  occurred.  Muscle  fibers  with  a  ruptured 
sarcolemma  and  exuding  cell  contents  became  more  mmierous  as 
the  period  of  holding  lengthened.  Characteristic  changes  took 
place  in  the  histological  structure  of  the  muscle  cells,  nerve 
fibers,  blood  vessels,  and  connective  tissue,  and  in  the  afltaity  of 
their  elements  for  stains.  When  chickens  were  stored  in  the 
freezer  in  closed  metallic  containers,  desiccation  was  prevented; 
the  other  changes  were  retarded  but  not  prevented.  The  changes 
here  recorded  were  most  marked  after  the  normal  commercial 
period  of  freezer  storage  had  been  exceeded.  Both  the  analyses 
and  organoleptic  tests  showed  that  no  loss  of  food  value  had 
occurred  while  the  chickens  were  in  the  freezer;  the  birds  were 
still  wholesome  and  nutritious;  the  only  appreciable  change  was 
a  loss  in  flavor  after  holding  in  the  freezer  for  a  period  greater 
than  9  months. 

The  changes  in  chemical  composition  during  holding  in  the 
freezer  for  1  year  were  about  equal  to  the  changes  which  occurred 
during  holding  in  the  chill  room  for  3  weeks. 

AUXO  AMYLASES. 

By  ELBERT  W.  ROCKWOOD. 

{From  the  University  of  lowa^  Iowa  City.) 

Many  amino-acids  increase  the  hydrolytic  cleavage  of  starch 
by  ptyalin.  This  is  true  of  the  a-amino-acids  such  as  glycocoll 
and  tyrosine  which  result  from  the  hydrolysis  of  proteins.  The 
accelerating  effect  is  not  lost  by  substituting  other  radicals  for 
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hydrogen  of  the  amino  group,  as  in  hippuric  acid.  Where  the 
amino  group  is  substituted  in  the  earboxyl  the  compoimd  has 
no  stimulating  effect,  as  in  acid  amides  including  urea.  Intro- 
duction of  the  sulfonic  radical  neutralizes  the  effect  of  the  amino 
group,  as  in  sulfanilic  acid.  The  position  of  the  amino  group, 
as  in  the  aminobenzoic  acid  isomers,  does  not  modify  their  activity; 
all  stimulate  the  ptyalin.  Compounds  of  amino-acids,  like  the 
proteins,  also  increase  the  amylolytic  activity  of  ptyalin.  As  far 
as  has  been  determined  the  pancreatic  amylase  is  similarly  affected 
by  the  amino-acids.     The  work  is  being  continued. 

A  CHEMICAL  STUDY  OF  PROLONGED  INANITION. 

By  R.  E.  SWAIN. 
(From  Leland  Stanford  Junior  University,  California.) 

The  subject  studied  was  a  tailor  by  occupation,  30  years  of 
age,  who  voluntarily  subjected  himself  to  a  period  of  starvation 
which  was  continued  for  60  days.  The  body  weight  was  about 
61  kilos  at  the  beginning  of  the  fast  and  about  36  kilos  at  the  end. 
The  excreta  were  collected  for  analysis  from  the  40th  to  the  60th 
days,  and  at  intervals  during  this  period  the  body  temperature, 
pulse  rate,  blood  counts,  and  other  clinical  data  were  recorded. 
The  total  lu-inary  nitrogen  output  was  maintained  at  a  higher 
level  than  that  recorded  in  previous  cases  of  fasting,  and  shows  a 
rise  from  the  53rd  to  the  56th  days  similar  to  the  premortal  rise 
in  lower  animals.  This  rise  was  followed  by  a  rapid  decrease 
in  the  daily  excretion  for  the  rest  of  the  period.  Ammonia  is 
relatively  very  low.  Creatinine  was  fairly  constant  until  the 
54th  day  when,  following  the  rapid  increase  in  the  total  nitrogen 
output  and  subsequent  rapid  fall,  it  decreases  in  amount  to  the 
end  of  the  fast.  Creatine  is  relatively  high,  exceeding  the  creati- 
nine in  amount  dm'ing  the  period  of  high  total  nitrogen. 

ADENINE-URACIL   DINUCLEOTIDE     AND    THE    STRUCTURE    OF 

YEAST  NUCLEIC  ACID.* 

By  WALTER  JONES  and  B.  E.  READ. 
♦Published  in  full  in  /.  Biol  Chem.,  1917,  xxix,  111. 
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STUDIES  OF  AUTOLYSIS. 
V.    THE  INFLUENCE  OF  BILE  ON  AUTOLYSIS.* 
By  H.  C.  BRADLEY  and  JOSEPH  TAYLOR. 

THE  COMPOSITION  OF  ADIPOCERE.** 

By  R.  F.  RUTTAN  and  M.  J.  MARSHALL. 

THE  USE  OF  COTTON  SEED  AS  FOOD.f 
By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

CYSTINE  AND  THE  MINIMUM  PROTEIN  REQUIREMENT  OF  THE 

DOG. 

By  HOWARD  B.  LEWIS. 

DEMONSTRATIONS  BEARING  ON  COLORIMETRIC  CREATININE 

AND  NITROGEN  DETERMINATIONS. 

By  OTTO  FOLIN.  E.  A.  DOISY,  RICHARD  BELL,  and  W.  DENIS. 

A  NEW  TEST  FOR  THE  DETECTION  OF  OCCULT  BLOOD  IN  STOOLS.  J 

By  W.  G.  LYLE. 

THE  PRODUCTION  OF  LACTIC  ACID  BY  INTRAVENOUS  INJECTION 

OF  ALKALI. 

By  J.  J.  R.  MACLEOD. 

OBSERVATIONS  ON  THE  FATE  OF  INOSITE  IN  THE  DOG. 
By  ISIDOR  GREENWALD  and  MORRIS  WEISS. 

ALKALINITY   AND    CARBONIC   ACID   IN   SEA   WATER. 
By  L.  J.  HENDERSON  and  E.  J.  COHN. 

SOME  EXPERIMENTS  ON  PROTEOLYTIC  ACTIONS.J 

By  E.  M.  FRANKEL. 


♦Published  in  full  in  J.  Biol.  Chem.,  1917,  xxix,  281. 
**Published  in  full  in  J.  Biol.  Chem.,  1917,  xxix,  319. 
tPublishcd  in  full  in  J.  Biol.  Chem.,  1917,  xxix,  289. 
tllead  by  invitation. 
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THE  KINETICS  OF  INVERTASE  ACTION.* 
By  J.  M.  NELSON  and  W.  C.  VOSBURGH. 

DEMONSTRATION  OF  A  PERFUSION  PUBfP.** 
By.  F.  B.  KINGSBURY. 

VIRTUAL  SUGAR. 
By  HUGH  McGUIGAN. 

THE  DETERMINATION  OF  HEAVY  METAL$  IN  PHYSIOLOGICAL 

TISSUES  AND  FLXHDS. 

By  SAMUEL  BOOKMAN. 

A  METABOLISM  STUDY  OF  MANITOU  (ALKALINE)  MINERAL 

WATER. 

By  HELEN  I.  MATTILL  and  H.  A.  MATTILL. 

THE  REARING  OF  CHICKS  UNDER  LABORATORY  CONDITIONS 

WITH  ISOLATED  FOOD  SUBSTANCES. 

By  M.  E.  JAFFA  and  H.  A.  MATTILL. 

THE  INORGANIC  COMPOSITION  OF  THORACIC  DUCT  LYMPH.f 

By  A.  B.  MACALLUM. 

*Read  by  invitation. 

♦♦See  Kingsbury,  F.  B.,  J.  Biol.  Chem.,  1916-17,  xxviii,  167. 
tRead  by  title. 
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A  POTENTIOMETER  FOR  THE  DE- 
TERMINATION OF  HYDROGEN  ION 
CONCENTRATION   IN  SOLUTIONS 


q^HE  POTENTIOMETER  illustrated  above  i>  now  being  used  by  a  number  of 
^  investigators  for  measuring  the  E.  M.  F.  between  the  Hydrogen  and  Calomel 
dcctrodes  in  Hydrogen  Ion  Concentration  determinations.  It  is  rapidly  replacing 
the  dectromcter  for  Budi  work  for  the  following  reasons:  first,  it  is  much  more  sensi- 
tive than  the  electrometer;  second,  its  use  does  not  entail  the  annoying  delays 
met  with  in  the  use  of  the  electrometer  when  overcharged  and  thus  polarized. 

The  Leeds  and  Northrup  Potentiometer  has  two  ranges.  Normally  measure- 
ments may  be  made  up  to  1.6  volts  by  steps  of  .00001  volt.  A  range  changing 
plug  enables  measurements  to  be  made  up  to  .16  volt  by  steps  of  .000001    volt. 

The  precision  of  adjustment  is  such  that  on  the  high  range  measurements  from 
.  I  volt  up  may  be  made  to  a  precision  of  better  than  1  /50%.  On  the  low  range 
measurements  from  .01  volt  up  may  be  made  to  the  same  degree  of  precision. 

The  instrument  and  its  accessories  require  little  or  no  attention.  Its  manipu- 
latifHi  is  simple. 

A  full  description  of  this  potentiometer  will  be  sent  upon  request,  as  well  as  a 
liat  cf  some  of  those  who  are  now  using  it  for  Hydrogen  Ion  Concentration 
determinations. 

THE  LEEDS  &  NORTHRUP  CO. 

ELECTRICAL  MEASURING  INSTRUMENTS 
4926  STENTON  AVENUE  PHILADELPHIA 
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FREAS 
Constant  Temperature  Water  Batb 


ConsUts  of  a  copper  tank  wi&  a 
outer  covering.  Hie  inner  < 
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COORS  U.  S.  A. 
CHEMICAL    PORCELAIN    WAR 

IN    OUR   STOCK   FOR   IMMEDIATE  DELIVERY 


We  have  addod  to  our  stock  of  laboratory  porcelain  ware  a  complete  line 
Coors  U.  S.  A.  Chemical  Porcelain  Ware  which  stock  is  now  on  hand 
Philadelphia  for  immediate  shipment.  Our  decision  to  stock  and  advertise  I 
ware  was  based  upon  the  repeated  expressions  of  satisfaction  which  reached , 
from  critical  users  and  upon  the  following  tests  carried  out  at  the  Colorado  Scb« 
of  Mines: 

1.  To  Determine  the  Effect  of  Chemlcsl  Remgents— God  cent  rated  Sulphuric  Acid  « 

R laced  in  a  No.  4  Casserole  and  kept  for  10  hours  at  145°C,  for?)  hours  at  130-160' 
ir  6  boura  at  ISS'C  and  for  7  hours  at  I70°C,  making  a  total  of  30}  hours  dufi 
which  the  Caescrolo  was  hot  and  of  65  hours  during  which  the  Casaerole  was  cold. 
A  No.  3A  Casserole  was  filled  with  10%  Solution  of  Caustic  Soda  &nd  kt^t 
&  temperature  of  OCC  for  8  hours. 
ResDlt— With  Sulphuric  Acid  tho  loss  in  weight  was  .0012  gram. 

With  10%  Solution  of  Caustic  Soda  the  loss  in  weight  was  .1184  gram. 

2.  To  Determine  the  Resistance  of  the  Glaie  at  High  Temperatures— Pieces  of  Coo 

Porcelain  were  placed  together  in  a  small  muffle  furnace  and  heated  to  lOOO'C,  wlui 
temperature  was  held  for  more  than  30  minutes. 
Result— The  glaze  was  unaffected  and  the  pieces  did  not  stick  together. 

3.  To  Detemdne  the  Resistance  to  Sndden  Changes  of  Temp  era  In  re— One  half  of 

Coors  glazed  tube  was  placed  in  a  kiln  registering  1100°C  and  kept  there  for  : 
minutes.     The  tube  was  then  removed  directly  into  the  cold  temperature  of  the  ki 

Resnlt^The  glaie  did  not  soften  and  the  tube  was  uninjured  in  any  wajr. 

Twelve  No.  0  Coors  Porcelain  Crucibles  were  each  given  the  following  three  tM 
without  injury  to  any: 

Heated  to  bright  red  and  placed  on  cold  slab. 
Heated  to  bright  red  and  placed  on  cold  brass  plate. 
Heated  to  bright  red  and  pushed  into  cold  sand. 

At  the  New  York  Exposition  of  Chemical  Industries,  in  September,  1916,  &  five  in> 
Evaporating  Dish  was  placed  directly  over  a  burner  giving  2000°F  and  remained  the 
during  practically  the  full  week  of  the  Exposition.  The  dish  was  not  injured  iaanymaon 
whatsoever.  Crucibles  were  heated  to  a  bright  red  heat  over  the  same  flame  and  also  in 
muffle  furnace  and  then  dashed  into  oo'd  water.  These  tests  were  repeated  while  the  crui 
blcB  were  still  wet,  without  injury  to  the  crucibles.  While  Coors  Crucibles  are  not  guara 
teed  to  withstand  such  a  test,  this  test  proves  the  high  heat  resisting  qualities  of  Coc 

Prices  on  Coors  17.  S.  A.  Porcelain  are  pTactlcallTldenttcal  with  the  duty  paid  stock  prlc< 
on  the  Japanese  S.  C.  P.  Porcelain,  end  also  to  the  duty  paid  prices  prevalUng  before  tl 
irar  on  the  best  ware  of  European  make.  OnordersamotintlngtoSlOOJNIandover  aapecl 
discount  of  20%  ts  allowed. 
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The  introduction  of  microchemical  methods  has  made  possible 
many  biological  investigations  which  were  formerly  precluded 
by  the  difficulty  of  obtaining  sufficient  amoimts  of  material. 
This  has  been  the  case  with  studies  on  the  blood  and  urine  of 
fish.  The  only  accurate  quantitative  chemical  data  are  foimd  in 
the  recent  papers  of  Dr.  Denis'  on  marine  fish,  where  she  reports 
results  which  indicate  that  the  composition  of  the  blood  and  urine 
IS  not  only  different  from  that  of  other  animals  but  may  even 
vary  in  different  species  of  fish. 

It  has  therefore  seemed  desirable  to  extend  the  studies  to  fresh 
water  varieties  in  order  to  gain  finisher  insight  into  the  processes 
of  metabolism  in  these  animals.  The  present  study  has  included 
determinations  of  total  non-protein  nitrogen,  urea,  ammonia, 
amino  nitrogen,  creatine,  and  creatinine  in  the  whole  blood  and 
in  the  plasma  of  several  species  of  fresh  water  fish.  The  nitro- 
gen partition  and  the  distribution  of  materials  between  plasma 
and  corpuscles  displayed  several  unique  relationships.  The  crea- 
tine content  of  the  plasma  was  greater  than  that  of  the  corpuscles. 
Urea  was  present  in  surprisingly  small  quantities  in  most  of  the 
blo6ds  and  was  in  greater  concentration  in  the  corpuscles  than  in 
the  plasma.  This  imequal  distribution  is  in  distinct  contrast 
with  the  imiform  diffusion  of  the  compoimd  throughout  mamma- 
lian tissues. 

We  have  foimd  that  the  amino  nitrogen  constitutes  the  major 
portion  of  the  non-protein  nitrogen  in  whole  blood  and  is  the 
largest  single  component  in  plasma.    The  quantities  present  are 

»  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  225;  1913-14,  xvi,  389. 
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much  greater  than  those  found  in  mammalian  blood.  This  is  a 
complete  reversal  of  the  relationship  between  urea  and  amino 
nitrogen  in  the  bloods  of  mammalia. 

The  following  methods  were  employed.  (1)  Total  non-pro- 
tdn  nitrogen — ^FoUn's  method  as  modified  by  Bock  and  Benedict. 
(2)  Urea — Marshall's  method.  On  accoimt  of  the  low  values 
obtained  the  method  was  checked  in  the  usual  wa3r8  including  the 
addition  of  urea  to  the  blood  to  make  sure  that  the  enzyme  activ- 
ity was  not  inhibited.  The  ammonia  nitrogen  has  been  sub- 
tracted. (3)  Amino  nitrogen — ^Van  .Slyke's  method.  The  fil- 
trate from  the  ethyl  alcohol  precipitation  was  used  as  well  as 
portions  of  the  filtrate  from  the  total  non-protein  nitrogen  deter- 
minations. There  was  no  evidence  of  unusual  amotmts  of  amines 
or  other  nitrogenous  compoimds  which  react  slowly  with  nitrous 
acid  as  the  correction  values  were  sincdlar  to  those  obtained  with 
other  bloods.  (4)  Creatinine — Folin's  method.  (5)  Creatine— 
the  procediure  described  by  Denis^  was  used.  The  total  non-pro- 
tein nitrogen,  urea,  and  amino  nitrogen  determinations  were 
always  carried  out  in  duplicate,  the  others  usually  singly. . 

The  blood  was  obtained  from  the  living  fish  mainly  from  the 
caudal  artery  and  vein  by  clipping  off  the  tail  and  collecting  the 
blood  which  dripped  from  the  cut  vessels.  Some  specimens  were 
collected  through  a  needle  from  the  caudal  vein  while  others  were 
obtained  by  introducing  a  needle  into  the  aorta.  Potassium  oxa- 
late was  used  to  prevent  clotting.  From  40  to  150  fish  were 
necessary  to  furnish  the  desired  amoimt  of  material  for  analysis. 

To  secure  composite  specimens  of  whole  blood  and  plasma 
which  might  be  entirely  comparable,  the  blood  was  divided,  soon 
after  it  was  drawn,  into  two  parts,  one-third  was  put  aside  for 
the  whole  blood  composite  and  two-thirds  were  centrifuged  and 
the  plasma  was  removed.  The  hematocrit  readings  were  taken 
after  centrifuging  for  20  to  30  minutes.  A  Daland  hematocrit 
was  also  used.  The  collections  were  kept  in  ice  imtil  sufficient 
quantities  were  obtained,  when  the  various  determinations  were 
started.  There  was  considerable  variation  in  the  ease  with  which 
unheraolyzed  blood  was  obtained.  No  hemolysis  was  evident 
in  the  blood  from  the  catfish  and  the  croppie,  while  others  showed 
slight  hemolysis. 

Little  definite  information  was  obtained  as  to  the  nutritive 


D.  W.  Wilson  and  E.  F.  Adolph 


407 


condition  of  the  fish.  The  carp  and  gar  had  been  kept  for  some 
time  in  artificial  ponds  and  fed  regularly.  The  other  fish  wer^ 
bled  within  a  few  hours  after  they  had  been  brought  in  from  the 
river.  A  considerable  amoimt  of  food  was  foimd  in  the  intes- 
tines of  the  catfish.  The  blood  from  the  stiurgeon  appeared  to 
contain  a  considerable  amount  of  fat  and  that  from  the  carp  less. 
The  data  obtained  may  be  foimd  in  the  accompan3dng  table. 
The  unusually  small  quantity  of  urea  nitrogen  in  nearly  all  of  the 
bloods  is  at  once  apparent.    A  large  variation  may,  however,  be 

TABLE  I. 

Composition  of  Fish  Blood  and  Plasma  per  100  Cc, 


Sturgeon     (Scaphirhyn- 
chus  platorkynckus) . 

Gar   {LepisosUus  platO' 
stomus). 

Carp  (Cyprinus  carpio). 


Croppie  (Pomoxis  annu' 
laris  and  sparoides). 

Catfish  (IcialiATus  punc- 
tatus). 

Sheepshead    (Aplodino^ 
tus  grunniens). 


k 


fa 

P 


1 


? 

29 
37 

31 


42 


46 


47 


59 


? 

22 
30 

21 
22 

40 


35 


32 
41 

49 
41 


UrwN. 


mg. 
1.1 

2.5* 
5.0 


2.3 
2.8* 

3.0 


2.7 


16.2 


0.4 
1.8* 

4.5 
5.2 

2.0 


2.5 


1.0 
1.2 

13.5 
9.5 


NHa  N. 


mg. 

1.7 
1.6 

10.9 


1.3 


0.9 


0.9 


1.8 


mg. 

1.0 


0.7 
1.3 

0.5 


0.9 


0.8 
1.3 

1.5 
1.2 


NH«  N. 


mg, 
17 


18 


34 
18 


25 


31 


2U 


mg. 
10 


7 
13 

18 


13 
11 

13 

14 

m 
11 


Creati- 
nine. 


mg, 

2.5 
2.6 


1.3 


1.3 


1.2 


0.8 


1.8 


mg. 

1.0 


1.2 
1.5 

1.3 


1.4 


0.8 
0.8 

1.0 
0.9 


Creatine  aa 
creatinine. 


•I 


mg. 

3.5 
2.0 


4.1 
5.0t 

9.2 


3.6 


6.2 


mg. 
2.8 


6.5t 


12.7 


5.4 
4.0 

8.0 
6.9 


a 

m 

cent 

30 


34 


39 


30 


34 


32 


•  Urea  +  ammonia  N. 

t  Total  creatinine. 

t  The  figures  in  the  horizontal  columns  are  from  determinations  of  a 
single  composite  specimen  of  blood  and  its  plasma,  except  where  noted 
byt. 
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noted.  Whether  this  indicates  fundamental  differences  in  the 
fish  or  merely  accidental  variations  due  to  the  condition  of  nu- 
trition or  other  factors  cannot  be  decided  from  the  data  at 
hand. 

The  amounts  of  urea  foxmd  in  most  of  our  experiments  are  sinu- 
lar  to  those  observed  by  Karr  and  Lewis^  in  the  blood  of  hens. 
The  comparison  is  mainly  of  interest  by  way  of  ccmtrast  for  it  is 
well  known  that  uric  acid  is  the  chief  end-product  of  protein 
metabolism  in  the  hen,  while  fish  excrete  only  very  small  amounts. 
The  urea  in  the  urine  of  teleosts  constitutes,  however,  a  relatively 
low  percentage  of  the  total  nitrogen. 

We  have  foxmd  in  only  a  single  instance  a  concentration  of 
urea  as  great  as  those  reported  for  marine  teleosts  by  Denis. 
It  is  interesting  to  note  that  the  ganoids  (sturgeon  and  gar)  while 
perhaps  more  closely  related  to  the  marine  elasmobranchs  than 
are  the  teleosts,  as  indicated  by  their  evolutionary  development 
and  cartilaginous  skeletons,  show  no  relationship  so  far  as  the 
urea  concentration  of  the  blood  is  concerned. 

The  variations  in  the  content  of  urea  in  the  blood  from  differ- 
ent families  of  fish  exhibit  an  interesting  parallelism  with  the  dif- 
ferences in  the  osmotic  pressxu'es.  The  blood  of  the  elasmo- 
branchs, which  contains  relatively  enormous  quantities  of  urea 
(2  gm.  per  100  cc),  has  an  osmotic  pressure  closely  approximat- 
ing that  of  sea  water*  (A  =  2.3®).  In  the  marine  teleosts,  how- 
ever, the  blood  contains  but  one-himdredth  the  amotmt  of  urea 
and  has  a  much  lower  osmotic  pressure  (average  A  =  0.7®).  Our 
results  would  indicate  that  there  is  a  tendency  toward  a  lower 
content  of  urea  in  the  blood  of  several  fresh  wat^  fish,  while  the 
osmotic  pressure  is,  in  general,  still  less  (A  «=  0.5®).  In  con- 
nection with  the  differences  in  osmotic  pressure  in  these  animals 
it  may  be  observed  that  the  elasmobranchs  are  dependent  upon 
the  surroimding  medium  for  the  maintenance  of  the  osmotic 
pressure  of  the  blood,  while  the  ganoids  and  teleosts  seem  to  be 
partially  independent  of  the  medimn.  These  facts  raise  several 
interesting  speculations  concerning  the  mechanisms  involved  in 
maintaining  the  osmotic  pressure  of  the  body  fluids  and  the  pos- 
sibility of  the  diffusion  of  urea  and  other  substances  through  the 

*  Karr,  W.  G.,  and  Lewis,  H.  B.,  /.  Am.  Chem,  Soc,,  1916,  xxxviii,  1615. 

•  Bottazzi,  F.,  Ergebn.  Physiol.,  1908,  vii,  161. 
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^Us.  The  small  ainoimt  of  nitrogenous  materials  eliminated  by 
the  kidney  has  already  been  observed. 

The  extremely  low  content  of  urea  in  the  blood  of  fresh  water 
fish  was  further  emphasized  by  the  observation  that  the  plasmas 
contained  even  less  than  the  whole  bloods.  The  localization  of 
urea  in  the  corpuscles  is  evident  and  quite  unexpected.  Analyses 
of  tissues  from  various  animals  by  Marshall  and  Davis,^  Bang,* 
and  Karr  and  Lewis^  have  shown  that  urea  is  imiformly  distrib- 
uted throughout  the  body,  the  same  in  plasma  as  in  corpuscles, 
and  have  led  to  the  assumption  that  urea  may  readily  diffuse 
throughout  the  body  (wherever  sufficient  water  is  present)  and 
be  maintained  at  a  strikingly  uniform  concentration  in  aU  tissues. 
Our  results  argue  against  a  too  general  acceptance  of  such  an 
assumption.  Furthermore,  the  data  of  Karr  and  Lewis  show  that 
the  tissues  of  the  hen  may  vary  considerably  in  their  content  of 
urea.  As  mentioned  above,  the  amoimts  foimd  by  these  inves- 
tigators in  the  blood  and  other  tissues  of  the  hen  are  similar  to 
the  quantities  found  by  us  in  the  blood  of  fish.  Hence,  it  seems 
possible  that  there  may  be  a  tendency  for  the  cells  of  the  blood 
as  well  as  other  cells  of  the  body  to  retain  urea  when  its  concentra- 
tion becomes  very  low.* 

The  percentage  of  urea  nitrogen  to  total  nitrogen  ranges  from 
4  to  27  in  whole  blood  and  from  2  to  29  in  plasma.  The  majority 
of  the  values  are  surprisingly  low  when  compared  with  other 
animals  and  at  once  lead  us  to  inquire  as  to  what  types  of  nitrog- 
enous compoimds  constitute  the  large  remaining  portion  of  the 
non-protein  nitrogen. 

Amino  nitrogen  was  present  in  amoimts  which  at  once  accoimt 
for  most  of  the  non-protein  nitrogen  of  the  blood.  There  were 
found  concentrations  of  17  to  34  mg.  of  amino  nitrogen  per  100 
cc.  of  whole  blood,  which  constituted  from  60  to  80  per  cent  of  the 
total  non-protein  nitrogen.^    These  values  are  considerably  higher 

*  Marshall,  E.  K.,  Jr.,  and  Davis,  D.  M.,  /.  Biol.  Chem,j  1914,  xviii,  53. 
»  Bang,  I.,  Biochem.  Z.,  1915-16,  Ixxii,  104. 

*  Data  have  been  reported  to  indicate  that  under  pathological  condi- 
tions an  unequal  distribution  of  urea  may  be  encountered. 

^A  few  determinations  carried  out  by  the  trichloroacetic  acid  pre- 
cipitation as  described  by  Bock  indicated  that  the  values  reported  above 
may  be  too  low.  A  sample  of  the  whole  blood  composite  from  the  catfish 
gave  results  for  both  amino  nitrogen  and  total  non-protein  nitrogen  about 
50  per  cent  higher  than  those  tabulated  above. 
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than  the  figures  reported  for  amino  nitrogen  in  the  blood  of  mam- 
mals.* Van  Slyke  and  Meyer*  found  3  to  10  mg.  in  the  blood 
of  dogS)  depending  on  the  state  of  nutrition  of  the  animals. 
Bock'^  has  recently  reported  intermediate  values  for  bloods  of 
various  mammalia. 

The  plasma  contained  less  amino  nitrogen  than  the  whole  blood. 
Calculated  from  the  hematocrit  values,  the  corpuscles  were*  found 
to  contain  from  three  to  five  times  as  much  as  the  plasma. 
Gyorgy  and  Zimz"  and  Costantino'*  observed  a  similar  massing 
of  the  amino  nitrogen  in  the  corpuscles  of  dogs,  although  the 
concentration  was  much  lower  in  these  animals. 

The  relationship  between  the  amino  nitrogen  and  xu^ea  is  prac- 
tically the  reverse  of  that  in  the  blood  of  higher  animals  where  we 
find  urea  the  chief  nitrogenous  constituent.  The  imusual  concen- 
tration of  amino  nitrogen  su^ests  that  the  amino-adds  as  such 
may  play  a  more  important  part  in  the  intermediary  protein 
metabolism  of  the  fish  and  possibly  constitute  an  important 
means  for  the  eliminaticm  of  nitrogen.  The  small  proportion  of 
total  nitrogen  accoimted  for  by  the  materials  determined  by  Denis 
in  the  urine  of  fish  (urea,  ammonia,  uric  acid,  creatinine,  and 
creatine)  lends  support  to  the  suggestion. 

The  relatively  high  content  of  ammonia  in  the  bloods  examined 
agrees  with  the  observations  of  Denis  on  marine  fish.  We  have 
not  obtained,  however,  figures  approaching  the  maximmn  values 
which  she  reported.  The  rapidity  with  which  ammonia  de- 
velops in  blood  on  standing,  together  with  the  fact  that  several 
hours  are  unavoidably  required  to  collect  sufficient  material  for 
the  experiments,  would  indicate  that  the  minimal  values  prob- 
ably represent  more  exactly  the  actual  amounts  of  anmionia  in 
the  circulating  blood. 

The  content  of  creatinine  in  whole  blood  and  plasma  was  simi- 
lar to  that  in  mammalian  blood.  Creatine  was  present  in  some- 
what larger  quantities  than  has  been  foimd  in  the  blood  of  higher 
animals  by  a  similar  method.^    The  preponderance  of  creatine 

*  Our  figures  range  even  higher  than  those  reported  by  J.  C.  Bock, 
(J.  Biol.  Chem.y  1917,  xxix,  191)  for  the  amino  nitrogen  in  the  blood  of  birdB. 

•  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  J.  Biol.  Chem,,  1912,  xii,  399. 
10  Bock,  J.  BioL  Chem.,  1916-17,  xxviii,  357. 

"  Gyorgy,  P.,  and  Zunz,  E.,  J.  Biol.  Chem.,  1915,  xxi,  611. 

"Costantino,  A.,  Biochem.  Z.,  1913,  Iv,  402. 

»» Wilson,  D.  W.,  and  Plass,  E.  D.,  J.  BioL  Chem.,  1917,  xxix,  413. 


D.  W.  Wilson  and  E.  F.  Adolph  411 

over  creatinine  in  the  plasma  of  fish  corresponds  to  the  relation- 
ship of  the  two  compounds  in  the  mine  and  emphasizes  the  rela- 
tive importance  of  the  former  in  the  creatine-creatinine  metab- 
olism of  these  animals  at  least  in  so  far  as  concerns  excretion. 

The  variations  in  concentrations  of  materials  between  plasma 
and  corpuscles  have  been  demonstrated  in  many  ways,  especially 
in  connection  with  inoi^nic  constituents  and  lipoid  materials. 
The  importance  of  such  study  in  connection  with  the  nitrogenous 
substances  has  not  been  suffidentiy  emphasized.  The  known 
compounds  making  up  the  non-protein  nitrogenous  fraction  of  the 
blood  are  for  the  most  part  materials  of  interest  chiefly  as  end- 
products  ready  for  elimination  from  the  body.  The  study  of  the 
distribution  of  these  substances  between  corpuscles  and  plasma 
as  well  as  between  plasma  and  tissues  may  assist  in  solving  some 
of  the  intricacies  of  the  intermediary  metabolism  with  which 
the  various  compoimds  are  concerned. 

SUMMABT. 

The  following  constituents  were  determined  in  the  whole  blood 
and  in  the  plasnoa  of  several  species  of  fresh  water  fish  including 
ganoids  and  teleosts:  total  non-protein  nitrogen,  urea,  anmionia, 
amino  nitrogen,  creatinine,  and  creatine. 

The  urea  content  of  most  of  the  bloods  was  unusually  low. 
The  concentration  in  the  plasma  was  less  than  that  in  the 
corpuscles. 

The  amino  nitrogen  constituted  the  major  part  of  the  total  non- 
protein nitrc^en  of  the  blood.  The  corpuscles  contained  consid- 
erably more  than  the  plasma. 

Creatine  was  present  in  larger  amounts  in  the  plasma  than  in 
the  corpuscles  and  was  imusually  high  in  the  plasma. 
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The  methods  elaborated  by  Folin^  for  the  determination  of  small 
quantities  of  creatine  and  creatinine  have  been  of  great  service  in 
quantitative  investigations  involving  these  compomids,  and  the 
ntunerous  criticisms  and  modifications  suggested  as  improvements 
on  the  original  technique  are  sufficient  evidence  of  their  wide- 
spread use.  But  recent  discussions^* ''^  have  disclosed  several 
possible  sources  of  error  which  have  been  sufficiently  emphasized 
to  prevent  further  confusion. 

During  the  last  year  we  have  been  interested  in  the  estimation 
of  creatine  and  creatinine  in  blood  and  have  encountered  several 
of  the  difficulties  described  in  recent  commimications.  With 
these  obstacles  overcome  to  our  satisfaction,  we  have  deter- 
mined preformed  and  total  creatinine  both  in  whole  blood  and  in 
plasma  from  different  animal  species,  using  the  original  method 
of  Folin  and,  at  the  same  time,  another  procedure  for  total  creat- 
inine which  we  shall  describe.  Comparisons  of  the  two  methods 
have  indicated  that  the  method  of  Folin  may  yield  inaccurate 
results  for  total  creatinine,  at  least  when  applied  to  whole  blood. 
The  differences  observed  between  the  concentrations  of  creatine 
in  whole  blood  and  plasma  from  human  beings  as  determined  by 
the  newer  method  emphasize  the  importance  of  such  differentia- 
tion in  studies  whose  object  is  to  correlate  the  quantities  of  the 

1  Folin,  O.,  /.  Biol.  Chem.,  1914,  xvii,  475. 

*McCrudden,  F.  H.,  and  Sargent,  C.  S.,  /.  BioL  Chem.,  1916,  xxvi, 
527. 

» Hunter,  A.,  and  Campbell,  W.  R.,  J.  Biol.  Chem.,  1916-17,  xxviii,  335. 
*  Folin,  O.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1916-17,  xxviii,  349. 
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substance  in  blood  and  urine.  A  comparison  between  the  con- 
centrations of  creatine  and  creatinine  in  the  plasma  and  in  the 
urine  of  the  various  animals  studied  has  led  us  to  the  conclusion 
that  a  rough  quantitative  relationship  exists. 

The  use  of  Folin's  methods  for  the  estimation  of  creatine  and 
creatinine  necessitates  the  comparison  of  slight  colorations  due  to 
small  amoimts  of  creatinine  in  the  presence  of  alkalinized  picric 
acid  solutions  of  relatively  high  concentration.  As  considerable 
errors  occur  whenever  creatinine  solutions  of  different  concen- 
tration are  compared,  curves  of  correction  similar  to  those  re^ 
cently  described  by  Hxmter  and  Campbell'  were  worked  out. 
We  have  plotted  the  actual  against  the  theoretical  readings,  at 
the  same  time  plotting  the  logarithms  of  the  concentrations  of 
creatinine  along  the  theoretical  axis.  The  resultant  curve  fell 
away  gradually  from  the  straight  line  demanded  by  theory.  Our 
readings  are  practically  identical  with  those  reported  by  Hunter 
and  Campbell  so  that  a  repetition  need  not  be  made.  In  addi- 
tion, we  have  worked  out  a  curve  for  the  1  mg.  standard  in  1.2 
per  cent  picric  acid  and  find  that  our  readings  do  not  vary  ap- 
preciably from  the  theoretical  when  reading  stronger  solutions 
against  the  standard,  but  when  reading  a  solution  containing  0.5 
mg.  of  creatinine  per  100  cc.  against  the  1  mg.  standard  set  at 
10  mm.  an  error  of  1.5  mm.  was  observed.  The  shape  of  this 
curve  is  similar  to  the  others.  In  working  with  diluted  picric 
acid  solutions,  as  described  in  Folin's  micro  methods  for  urine, 
we  found  no  appreciable  correction  when  comparing  solutions 
.up  to  2  mg.  per  100  cc.  against  the  1  mg.  standard,  and  an  error 
of  only  0.5  mm.  when  comparing  0.5  mg.  with  the  1  mg.  standard. 

With  the  use  of  the  curves  described  above,  the  elasticity  of  the 
methods  is  greatly  increased  in  that  the  necessity  for  care  in 
choosing  standards  is  in  large  part  obviated.  We  have  demon- 
strated to  our  satisfaction  many  times  that  the  applications 
of  the  considerable  corrections  necessary  when  reading  dilute 
creatinine  solutions  in  the  blood  determinations  against  stand- 
ards of  quite  different  concentration  yield  results  agreeing  with 
those  obtained  by  comparisons  with  standards  of  proper  con- 
centration. With  the  application  of  these  corrections  and  the 
personal  correction,  the  colorimetric  qomparison  takes  on  a 
greater  accuracy  than  we  are  justified  in  assuming  exists  in  the 
other  parts  of  the  methods. 
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The  personal  correction  in  colorimetric  readings  has  recently 
been  emphasized  by  Folin.  It  may  be  mentioned  in  this  con- 
nection that  our  personal  corrections  were  quite  different.  Under 
identical  conditions,  one  of  us  has  had  a  personal  correction  of 
1  nun.  and  the  other  of  2  mm.  when  comparing  a  0.2  mg. 
standard  in  both  cells  of  the  colorimeter.  The  intensity  of  the 
red  color  and,  to  some  extent,  the  intensity  of  the  Ught  influ- 
ence the  magnitude  of  the  correction. 

Although  saturated  picric  acid  solutions  are  usually  assumed  to 
be  1.2  per  cent,  the  solubiUty  of  the  substance  in  water  may 
vary  from  1  to  1.6  per  cent  imder  ordinary  changes  of  tempera- 
ture in  the  laboratory.  Such  variations  are  sufficient  to  cause 
differences  of  2  to  3  nun.  in  colorimetric  readings  when  comparing 
0.2  mg,  standards.  The  presence  of  salts  and  perhaps  of  other 
impurities  also  influences  the  solubiUty.  We  have  therefore 
thought  it  advantageous  to  use  solutions  of  picric  acid  of  known 
concentration  and  have  made  up  roughly  standardized  solutions 
containing  1.2  per  cent  picric  acid  by  titration  with  0.1  n  NaOH, 
uong  phenolphthalein  as  an  indicator.  Solutions  of*  purified 
picric  acid*  of  this  concentration  show  some  tendency  to  crystal- 
lize out  at  low  temperatures  while  an  ordinary  preparation  of 
sufficient  purity  does  not.  Crystallization  may  be  retarded  by 
introducing  sodimn  chloride  into  the  solutions. 

We  have  observed  that  heat  as  well  as  Ught  causes  a  decomposi- 
tion of  picric  acid  with  the  formation  of  compounds  which  yield 
a  red  color  in  alkaline  solution.  The  deterioration  of  the  picric 
add  solutions,  when  heated  with  other  substances,  is  sufficient 
to  affect  materiaUy  the  determination  of  smaU  quantities  of  crea- 
tine. This  being  the  case,  the  accuracy  of  the  original  method  of 
Folin  for  the  estimation  of  total  creatinine  in  blood  might  weU  be 
questioned  until  confirmatory  evidence  is  adduced  by  the  use  of 
another  procedure.  Hence,  we  have  compared  results  obtained 
by  the  use  of  the  original  Folin  method  and  by  a  procedure  based 
on  the  removal  of  protein  material  by  coagulation  with  heat  and 
acetic  acid.  The  method,  described  as  foUows,  is  merely  a  com- 
bination of  several  well  known  procediu'es:  10  cc.  of  blood  are 
nin  into  five  volumes  of  boiling  0.01  n  acetic  acid  in  a  casserole 
and  the  solution  is  boiled  for  about  i  minute.    An  equal  voliune 

*  We  have  used  a  method  for  purifying  picric  acid  similar  to  the  one 
recently  described  by  Folin  and  Doisy.* 
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of  boiling  water  is  added  and  the  heating  continued  for  about 
a  minute.  The  solution  is  filtered  through  a  folded  filter  and 
the  casserole  and  paper  are  washed  three  times  with  15  to  20 
cc.  of  boiling  water,  rubbing  free  the  material  adhering  to  the 
dish.  10  cc.  of  a  15  per  cent  suspension  of  ahiminium  hydrox- 
ide are  added  to  the  filtrate  which  is  then  heated  to  boiling. 
Upon  filtering  again  a  water  clear  filtrate  is  obtained.  Hiis 
is  acidified  more  strongly  with  2  to  3  cc.  of  dilute  acetic  add 
and  evaporated  on  a  water  bath  with  a  fan,  keeping  the  dry 
sides  of  the  evaporating  dish  well  above  the  supporting  rings. 
When  concentrated  to  2  to  5  cc,  the  solution  is  transferred 
to  a  50  cc.  Erlenmeyer  flask,  rinsing  the  dish  several  times 
with  small  portions  of  hot  water  and  rubbing  with  a  rubber 
tipped  rod.  The  final  volinne  of  liquid  is  always  approximatdy 
10  cc.  1  cc.  of  5  N  HCl  is  added,  the  flask  covered  with  a 
watch-glass,  and  heated  on  a  boiling  water  bath  for  3  to  4 
hrs.  After  cooling,  the  solution  is  neutralized  with  15  per  cent 
NaOH  and  20  cc.  of  1.2  per  cent  picric  acid  are  added.  1.5  cc. 
of  10  per  cent  NaOH  are  introduced,  the  solution  is  allowed 
to  stand  for  10  minutes,  and  then  diluted  to  100  cc.  (or  50  cc.) 
with  water.  At  the  same  time,  13  cc.  of  water  and  20  cc.  of 
picric  acid  solution  containing  a  suitable  amount  of  creatinine 
are  introduced  into  a  100  cc.  (or  50  cc.)  volimietric  flask,  1.5  cc. 
of  10  per  cent  NaOH  added,  and  diluted  to  the  mark  with  water 
after  standing  10  minutes. 

TABLE  I. 
Comparison  of  Acetic  Acid  Coagtdalion  mih  and  vnthotU  Aluminium 


Hydroxide,    Creatinine  per  100  Cc. 

Source. 

Whole  blood. 

Acetic. 

Acetic  +  Al  (0H)i 

Acetic. 

Acetic +  Al(OH)i 

mg. 

mg. 

mg. 

mg. 

Dog 

2.0 

2.0 

2.5* 

2.1 

Cat 

2.3 

2.0 

2.7* 

1.9 

Rabbit.... 

5.0    5.0    6.6* 

PigS 

5.4*    6.7* 

5.2    5.1 

6.7* 

5.8 

"    4 

4.8*    4.4 

4.4    4.4 

4.2 

3.6 

"    5 

6.1*    6.5*    6.3*    5.9* 

5.3    5.3    5.2 

Human. . . 

1.8* 

1.5    1.5    1.5 

*  Some  pigment  was  observed. 
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When  only  limited  quantities  of  blood  were  available,  6  cc. 
portions  were  used  and  the  unknown  and  standard  were  diluted 
to  50  cc.  It  would  seem,  however,  much  more  desirable  to  use 
quantities  of  blood  which  yield  at  least  0.2  mg.  of  creatinine. 
Curves  similar  to  those  mentioned  earlier  in  this  paper  have  also 
been  worked  out  and  used  in  these  determinations. 

The  use  of  almninimn  hydroxide  is  a  distinct  advantage 
though  not  absolutely  necessary.  The  small  amoimts  of  protein 
which  escape  coagulation  are  removed  by  this  means  and  the 
solution  remains  colorless  even  after  heating  with  hydrochloric 
add  to  convert'  creatine  into  creatinine.  When  a  perfectly  water 
clear  filtrate  results  from  the  coagulation  with  acetic  acid,  little 
or  no  pigment  may  be  formed  during  the  conversion  of  creatine, 
into  creatinine,  but  usually  a  sufficient  quantity  is  produced 
to  interfere  seriously  with  the  determination.  In  Table  I 
may  be  found  the  results  of  determinations  made  with  and 
without  the  use  of  aluminium  hydroxide  on  specimens  of  the 
same  bloods.  It  will  be  noticed  that  whenever  pigment  forma- 
tion was  observed  after  the  use  of  acetic  acid  alone,  the  results 
are  higher  than  when  aluminium  hydroxide  was  also  used.  When 
no  pigment  was  formed  the  results  are  the  same.  These  ob- 
servations, together  with  control  determinations  with  creatine 
and  creatinine  solutions,  show  that  the  aluminium  hydroxide 
does  not  remove  appreciable  quantities  of  either  substance  or 
interfere  with  the  colorimetric  estimation.  The  ease  with  which 
duplicates  may  be  obtained  with  the  use  of  almniniiun  hydroxide 
and  the  difficulties  encoimtered  when  it  is  not  used  emphasize 
its  value. 

The  method  described  above  was  used  in  connection  with  a 
comparative  study  on  the  creatine  and  creatinine  content  of 
whole  blood  and  plasma  from  different  animals.  The  preformed 
and  total  creatinine  were  also  determined  by  the  original  proced- 
ure of  Folin  with  and  without  preliminary  hemolysis  with  water. 
The  data  which  we  have  collected  may  be  foxmd  in  Table  II. 
Most  of  the  determinations  on  the  blood  from  lower  animals 
and  a  few  of  the  hiunan  bloods  were  done  in  dupUcate. 

The  results  of  the  analyses  of  total  creatinine  in  whole  blood 
by  the  two  different  procedures  show  great  divergence.  In 
every  case  the  picric  acid  method  yielded  values  higher,  at  times 
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•     TABLE  II. 

Total  and  Preformed  Creatinine  in  Whole  Blood  and  Plasma  by  the  Picric 
Acid  and  Acetic  Acid  Methods^  in  Mg.  per  100  Ce. 


Whole  blood. 

Plaama. 

Source. 

Creati- 
nine 

Total 
oreatinine. 

is 

Total  cre- 
atinine. 

• 

• 

1 
2.1 

• 

I 
1 

• 
2.4 

• 

1 

7.2 

• 

S 
7.8 

1 

< 

• 

1.4 

•8 

i 

1.9 

-< 

• 

Remailcs. 

Man  (P.) 

Normal. 

"   (P.) 

1.3 

2.0 

« 

"     (M.).... 

2.1 

2.9 

9.2 

11.0 

1.4 

2.2 

tt 

"     (W.) 

2.3 

5.5 

2.9 

1.4 

1.8 

1.4 

0 

Creatine-free    diet. 
Normal. 

Woman  (H.).. 

3.1 

6.5 

3.0 

1.2 

1.8 

1.2 

0 

Normal. 

« 

2.6 

;5.7 

3.0 

1.1 

1.9 

1.2 

0.1 

Mixed  specimen.  Nor- 
mal. 

"       (T.).. 

1.2 

6.8 

1.1 

1.6 

1.6 

0.5 

In  labor. 

"       (B.).. 

1.3 

1.9 

1.7 

0.4 

«     « 

"       (S.)... 

1.8 

2.5 

4.9 

5.5 

3.8 

1.1 

1.6 

1.3 

0.2 

Eclamptic. 

Infant  (M.)... 

1.1 

1.9 

2.0 

0.9 

New-bom.    (Serum.) 

"       (S.).... 

1.1 

1.9 

2.0 

0.9 

K                                     « 

"       (B.)... 

1.0 

1.9 

2.0 

1.0 

u                        u 

Dog  2 

1.7 

2.3 

5.0 

4.3 

2.0 

1.7 

2.4 

2.1 

0.4 

"     3 

1.0 

1.5 

1.3 

0.3 

Cat  1 

2.7 

2.8 

6.7 

7.1 

2.4 

3.8 

4.0* 

1.4 

Urine:  creatinine  153 
mg.,  creatine  21  mg. 
per  100  cc. 

"    2 

1.7 

1.8 

4.7 

4.3 

2.0 

1.3 

1.9 

1.9 

0.6 

Fasted  24  hrs.  Urine: 
creatinine  191  mg.; 
creatine  24  mg.  per 
100  cc. 

Rabbit  1 

2.4 

3.8 

7.5 

7.7 

5.0* 

1.7 

5.4 

3.7 

"       2 

3.1 

10.5 

8.1 

2.0 

8.5 

8.3 

6.3 

Tartrate  nephritis. 
Urine:  4  cc.  con- 
tained 1.6  mg.  of 
creatinine  and  6.2 
mg.  of  creatine. 

Pig2 

2.0 

2.1 

6.5 

4.7 

1.9 

5.3 

5.2 

3.3 

«     3 

1.8 

2.0 
2.0 

6.0 

5.8 

5.2 
4.4 

1.8 

4.0 

5.8 
3.6 

3.8 
1.8 

"     4 

Hen  1 

0.9 

1.1 

7.1 

7.1 

2.4* 

0.8 

2.3 

2.6* 

1.8 

"     2 

1.2 

1.2 

5.0 

5.1 

2.4 

1.2 

2.4 

2.5 

1.3 

*  No  Al(OH)i  used.    Solutions  colorless  or  nearly  so. 
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100  per  eent  hi^!ier.  tb&E.  ihoee  oi  tLe  aceii?  %ddi  protgd-jie. 
When  appfied  to  pfaasa  the  rvrir  aetiiodi  vere  is  eioaer  a^jee- 
ment.  Henee  it  voojd  a^^pear  titst  Boaexl^zjg  k  pnsect  in  the 
cotpusdcB  vhkh  reci&izv  in  tie  pbcrit  abd  soc^nkc^  so  that 
after  aatodavm^  azi  arrp«^  coke  derf^o^XEkCEit  »  tikmerrtd 
when  the  aolutka  k  xzade  aJlrtr^it.  We  hsre  oftai  obeerred 
that  the  eolor  drrekipcaeci  s  cuti.  ziore  nipid  il  i2Mese  sccnkcff 
than  in  the  ntjctdard  creSuZ-ine  firjthrrkcic  azid  the  drt^-:^ 


octtor    ijt^  ^UET  yj  iy^-rL»  ,     M'jrecmer-  tie  eoior 

of  the  blood  ac^uixc  j§  diSerect  frcc&  tLaa  of  tie  BLbZj-iui  nca- 


The  mppbaskm  cf  tiie  aue9iii>d  cf  Yfx:ii  U/  viJueeig'XTwec  p 

move  mssj^MTyjrr  reBuhfc.  1^  erjuor  dere^'j^suecrt  jc 
mnch  move  tj;^caZ  cf  jrsrt  ce«rjT:':Tie  Kihrijcci^  asti  tie 
ment  of  the  reBohc  «:ni.  tirjK  cif  tie  aceti*?  a^d  prooc<r::re. 
the  color  devwipEDen  appeakjf  -Uj  ut  vppuskL  jst^  s::^7pQn  Uf 
ij^pt  AocQxapi'  of  tie  svtijvd.  ia  ^  teiiyTe  *yt**t  tie  CT^ucTijtxs  of 
total  «>*3^!-rT>»  otnAnitfd  tT*  tie  tHe  rf  tie  aoeti^  a^c  prooKhr* 
GO  bkod  flhotud  le  ooEi&^ii^ired  ^'t<iir""-Ti*r  iizxC  zi'A  tt!tt.ttt::2il  rikhKE. 
It  mxxBt  tierrfoR*  te  fao&'^^joed  tija:t  tie  la^^'A  cf  FuIiL  it  tcHoo- 
id^auxj  fcr  vae  »r:i.  «ioe  *ju'»d- 

Ihc  rsp&c  and  oain^zra'j;*  deT^>jccieL-t  'jf  a  ?rji'jc  of  diSerert 
qvttlrrx  ji  ajK  oheL  n'XjWfd  ii.  tie  dgigmiiTtatJiga  of  jitmJ'j 
ffeatrr.ne,  e^peoiJrr  -l  wiijn^  -jr^yL  Ii  otie  ei:;:er:iu«irt. 
aetuJ  oQEc^jarffioitf  wert  na^dt.  tie  rr»Ar..rL:rLe  '^j!ii^«r*ni*j'-«.  '/ 
vhcSe  IHCK^  oucniiifv&c  frjiL  read:i«3fc  tiJKJL  frt  tie  esac  cf  10 
■cnztfli  warn  LT  mt.  per  I X-  w . :  I  iixir  it^»r .  -riiaL  r*a>d  hjpii'^'HK 
the  sose  siniid&rd.  t-ie  ea^^'^^ii/:/*^  cr*ar.jijie  'xcjyeL-triitj'ji.  irtt 
2-i  TTig  ax.  iie^ease  'jf  ^l  per  «ji--  Tie  pref'jrnjec  C7*5ii*-i: ./e 
Thhxi  are  lanibLT'  iLiCier  vtieL  mj*:  'n'y^z  ji  iMfrjsjr'v^'i  '^i^tr*:  *ii*: 
addnjoc  rf  pacrj*.  u^jCl  V.'x>t»- li*--  -n^  iii'r*a*«:  mtT-  'j^  cu*r  *-,  t 
fftencika*  rf  csar-niiLe  T'l^'r:.  it  'j-iienriWr  ^j-ruj*-:  n.  ^:i*-  -i -xv- 
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quantities  similar  to  most  of  those  reported  *by  other  investiga- 
tors. The  blood  of  hens  seemed  to  contain  practically  as  much 
creatinine  as  that  of  other  animals.  This  is  contrary  to  the 
observations  of  Folin  and  Denis,^  but  more  in  accord  with  the 
data  reported  by  Myers  and  Fine.' 

The  determinations  of  preformed  creatinine  in  the  whole  UockI 
are  frequently  higher  than  those  in  the  plasma  but  the  variations 
are  sufficiently  small  to  be  ascribed  to  the  anomalous  color  de- 
velopment when  whole  blood  is  used.  It  would  seem  probable 
that  creatinine  is  equally  distributed  between  plasma  and 
corpuscles. 

By  the  use  of  the  acetic  acid  method  described  earlier  in  the 
paper,  we  have  found  from  2  to  5.2  mg.  of  total  creatinine  per 
100  cc.  in  the  whole  blood  of  various  animals  which  were  presum- 
ably normal.  Himxan  blood  contains  about  3  mg.  per  100  cc. 
These  quantities  are  much  lower  than  practically  aU  of  the  re- 
ported data,  for  the  reason  that  the  picric  acid  method  has  been 
almost  imiversally  used.  Shaffer*  reports  a  single  determination 
on  the  whole  blood  of  a  dog  by  a  method  of  coagulation  with  heat 
and  acetic  acid.  As  he  obtained  7.4  mg.  per  100  cc,  we  shoiild 
conclude  that  probably  pigments  interfered  with  the  acctiracy 
of  the  determination.  Beker*  analyzed  the  whole  blood  from  three 
species  of  animals  by  coagulating  with  heat  and  acetic  acid,  pre- 
cipitating with  lead  acetate,  concentrating,  and  autodaving  with 
HCl.  His  results  are  much  more  in  accord  with  ours.  He 
found  from  1.9  to  2.4  mg.  per  100  cc.  of  dog  blood,  2  mg.  in  pig 
blood,  and  from  1.9  to  2.7  mg.  in  ox  blood. 

In  most  instances,  the  plasma  contained  practically  the  same 
quantity  of  total  creatinine  as  the  whole  blood.  The  hiunan 
plasma,  however,  contains  less.  It  appears  that  the  corpuscles 
in  human  blood  contain  appreciably  more  total  creatinine  than 
does  the  plasma.  Owing  to  the  lack  of  entirely  satisfactory 
data  on  preformed  creatinine  especially  in  whole  blood  it  is 
impossible  to  say  definitely  whether  the  material  stored  in  the 
corpuscles  is  creatine  or  creatinine.    It  would  seem  most  prob- 

•  Folin,  O.,  and  Denis,  W.,  J,  Biol.  Chem.f  1914,  xvii,  487. 

'  Myers,  V.  C,  and  Fine,  M.  S.,  J.  Biol.  Chem.,  1915,  xxi,  683. 
•ShaflFer,  P.  A.,  J.  Biol.  Chem.,  1914,  xviii,  525. 

•  Beker,  J.  C,  Z.  physiol.  Chem.,  1913,  Ixxxvii,  21. 
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able,  however,  that  creatinine  is  present  in  practically  equal 
amoitnts  in  corpuscles  and  plasma  but  the  corpuscles  may  store 
some  creatine  under  normal  conditions. 

The  determinations  of  preformed  creatinine  in  plasma  seem 
to  be  sufficiently  accurate  to  warrant  a  consideration  of  the 
quantities  of  creatine  calculated  by  subtracting  the  values  of  the 
preformed  from  the  total  creatinine  as  determined  by  the  acetic 
add  method.    These  figures  are  also  tabulated. 

A  comparison  of  the  relations^p  between  creatine  and  creati- 
nine in  plasma  and  in  xuine  seems  to  offer  more  convincing  re- 
sults than  any  such  comparison  of  values  obtained  by  the  older 
methods  on  whole  blood.  We  have  found  Uttle  or  no  creatine  in 
adult  hxmian  plasma.  This  observation  offers  an  explanation 
for  the  fact  that  creatine  is  seldom  foimd  in  the  luine  of  normal 
men  and  in  smaU  and  variable  amoimts  in  the  urine  of  normal 
women.  Whether  the  method  is  sufficiently  accurate  to  show  the 
presence  of  creatine  in  the  plasma  when,  and  only  when,  smaU 
quantities  are  eliminated  is  uncertain,  but  oiu*  few  determinations 
point  to  that  possibility.  Infants,  who  are  known  to  eliminate 
relatively  large  quantities  of  creatine,  have  in  their  plasma  prac- 
tically as  much  creatine  as  creatinine. 

The  quantities  of  creatine  in  the  plasma  of  the  dogs  which  we 
have  examined  are  barely  appreciable.  The  luine  from  these 
animals  was  not  examined,  but  it  is  well  known  that  creatine  is 
excreted  irregularly  by  normal  dogs.  More  creatine  was  foimd 
in  the  plasma  of  cats,  one  of  which  had  fasted  24  hours.  A  small 
amount  of  creatine  was  present  in  the  urine  of  these  animals. 

A  still  larger  quantity  of  creatine  was  found  in  the  plasma  of  a 
rabbit.  The  animal  was  presmnably  normal  but  its  nutritive 
condition  was  not  determined.  The  recent  work  of  Underbill^® 
shows  the  sensitiveness  of  these  animals  to  conditions  causing 
the  excretion  of  creatine.  The  second  rabbit  had  received  sodixun 
tartrate  several  days  previously  but  was  not  anuric.  Daily 
examinations  of  the  urine  showed  only  a  slight  diminution  in  the 
output  of  creatinine,  while  the  concentration  in  the  blood  was 
practically  unchanged.  There  seemed  to  be,  however,  a  definite 
accumulation  of  creatine  resulting  in  a  correspondingly  greater 

"Underhill,  F.  P.,  /.  Biol  Chem,,  1916,  xxvii,  127. 
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excess  of  creatine  over  creatinine  in  the  plasma.  A  similar  re- 
lationship was  observed  in  the  urine  in  which  the  creatine  con- 
stituted over  three-fourths  of  the  total  creatinine. 

The  different  specimens  of  plasma  from  pigs  contained  different 
concentrations  of  creatine.  We  observed  variations  from  1.8  to 
3.8  mg.  per  100  cc.  of  plasma,  quantities  equal  to  or  greater  than 
the  preformed  creatinine.  Here,  again,  the  possible  relationship 
of  the  quantities  of  creatine  in  the  blood  and  urine  is  of  consider- 
able interest.  McCoUmn  and  Steenbock"  have  shown  that  the 
pig  normally  excretes  creatine  and  the  amoimt  eliminated  is  de- 
pendent to  a  considerable  extent  upon  the  protein  ingestion. 
They  have  observed  that  creatine  may  constitute  as  much  as  40 
per  cent  of  the  total  creatinine  eliminated.  The  large  and  vari- 
able quantities  of  creatine  eliminated  by  the  pig  may  be  de- 
pendent upon  similar  variations  in  its  concentration  in  the 
plasma. 

Creatine  is  present  in  larger  quantities  than  creatinine  in  the 
plasma  of  hens,  but  the  excess  is  not  so  great  as  might  be  ex- 
pected from  the  analyses  which  have  been  reported  on  the  urine 
of  birds.  Paton"  states  that  ^'creatine  takes  the  place  of 
creatinine  in  the  urine  of  the  bird,"  but  leads  the  reader  to  con- 
elude  that  he  may  have  detected  small  amoimts  of  creatinine 
which  were  assimied  to  be  formed  by  his  analytical  procedure. 
Thompson"  has  recently  reported  analyses  of  the  urine  from 
ducks,  which  would  indicate  that  the  creatinine  elimination  is 
bot  negligible  but  is  from  one-third  to  one-fifth  as  much  as  the 
creatine.  While  these  observations  support  Paton's  general  con- 
clusion, the  elimination  of  creatinine  as  well  as  creatine  in  the 
urine  is  more  in  accord  with  our  point  of  view  that  the  presence 
of  appreciable  quantities  of  creatine  or  creatinine  in  the  plasma 
leads  i-o  their  excretion. 

The  results  which  we  have  obtained,  first,  by  the  examination  of 
unhemolyzed  plasma  and,  second,  by  the  substitution  of  a  more 
exact  method  for  estimating  total  creatinine  permit  a  much  more 
exact  and  rational  viewpoint  of  the  quantitative  relationships 

»i  McCollum,  E.  v.,  and  Steenbock,  H.,  J.  Biol,  Chem,,  1912-13,  xiii, 
209. 

"  Paton,  D.  N.,  /.  Physiol.,  1910,  xxxix,  486. 
"  Thompson,  W.  H.,  J.  Physiol. ,  1916,  1,  p.  xxii. 
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between  creatine  and  creatinine  in  the  blood  and  urine.  The 
older  observations  led  to  the  anomalous  conclusion  that  creatine 
is  present  in  considerable  quantities  in  the  blood  of  man  while 
little  if  ahy  normally  escapes  into  the  urine,  but  that  \mder  cer- 
tain slightly  abnormal  conditions  it  may  be  eliminated  in  consid- 
erable quantities.  Moreover,  the  variations  in  the  concentra- 
tion of  creatine  in  the  bloods  of  different  animals  showed  no 
relationship  to  the  relative  amounts  of  creatiue  excreted.  Our 
results  would  indicate  that  when  appreciable  quantities  of  crea- 
tine (or  creatinine)  are  present  in  the  plasma,  some  is  eliminated 
in  the  urine  and  the  amount  eliminated  bears  a  rough  quantita- 
tive relationship  to  the  concentration  in  the  plasma.  Such  an 
hypothesis  seems  to  be  capable  of  satisfactory  proof  with  the  use 
of  the  procedures  which  we  have  employed  in  this  investigation. 
Our  observations  also  suggest  that,  as  the  concentrations  of 
creatine  in  plasma  and  corpuscles  of  man  are  different,  they 
should  be  studied  independently. 

SUMMARY. 

The  method  of  Folin  for  the  determination  of  total  creatinine 
is  unsatisfactory  for  use  with  whole  blood.  A  different  procedure 
is  suggested. 

Data  are  presented  for  preformed  and  total  creatinine  in  whole 
blood  and  plasma  from  different  species  of  animals. 

Adult  hmnan  plasma  contains  only  traces  of  creatine.  Appre- 
ciable quantities  are  present  in  the  plasma  of  infants.  The 
plasmas  of  the  pig  and  hen  contain  larger  quantities. 

A  characteristic  relationship  appears  to  exist  between  the 
concentration  of  creatine  in  the  plasma  and  its  elimination  in  the 
urine. 
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Elimination  of  the  Protein. 

A  striking  feature  of  Bence-Jones  proteinuria  is  the  free  pas- 
sage of  large  quantities  of  the  protein  through  a  kidney  which 
holds  back  the  normal  senun  proteins. 

Most  previous  investigators  have  found  the  kidney  of  animals 
impervious  to  the  Bence-Jones  protein,  although  Boggs  and 
Guthrie*  foxmd  that  sometimes  rabbits  excreted  it  after  intra- 
venous injection.  We  injected  subcutaneously  40  cc.  of  Bence- 
Jones  urine  into  each  of  two  dogs,  weighing  respectively  8  and 
9.5  kilos.  All  urine  passed  during  the  following  3  days  was  en- 
tirely free  from  protein  of  any  kind  (ferrocyanide  and  acetic  acid, 
heat,  H(D1).  On  the  3rd  day  one  of  the  dogs  was  etherized  and 
into  the  femoral  vein  were  injected  30  cc.  of  Bence-Jones  urine. 
The  urine  of  this  dog  for  the  next  2  days  showed  no  protein  of  any 
kind.  The  amounts  of  Bence-Jones  urine  taken  for  injection 
represented  in  each  instance  a  little  more  than  1  gm.  of  the 
protein. 

To  try  the  effect  of  larger  quantities  we  etherized  a  14  kilo 
dog  and  injected  into  a  vein  of  the  leg  5  gm.  of  Bence-Jones  pro- 
tein dissolved  in  2(X)  cc.  of  slightly  alkaline  Ringer's  solution. 
The  urine  of  this  dog  before  injection  showed  just  a  trace  of  al- 
bumin; but  as  this  is  not  uncommon  in  dogs  and  as  the  animal 
was  strong,  active,  and  apparently  perfectly  well,  we  did  not 
reject  him  on  that  account.  When  coming  out  of  the  ether  the 
animal  urinated,  and  again  about  20  minutes  later.  Both  of 
these  lurines  were  entirely  similar  to  that  obtained  before  injec- 

>  Boggs,  T.  R.,  and  Guthrie,  C.  G.,  Am,  J,  Med,  Sc,  1912,  cxliv,  803. 
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tion,  and  free  from  Bence-Jones  protein.  The  urine  found  the 
next  (2nd)  day  produces  a  heavy  white  cloud  when  heated  with 
a  drop  of  acetic  acid;  this  cloud  almost  disappears  upon 
boiling  and  reappears  upon  cooling,  and  this  can  be  repeated. 
The  characteristic  acid  reactions  are  also  given  in  strong  typical 
fashion.*  Evidently  we  here  have  a  marked  excretion  of  Bence- 
Jones  protein.  Upon  estimation  it  was  foimd  that  the  urine  con- 
tained 0.16  per  cent,  or  for  the  total  amount  of  urine  1.47  gm.  of 
Bence-Jones  protein.  When  the  urine  was  carefiilly  coagulated 
at  boiling,  allowed  to  cool,  and  filtered,  the  clear  filtrate  (which 
could  no  longer  at  any  reaction  or  temperature  be  made  to  give 
cloudiness  on  heating)  gave  some  opalescence  when  saturated 
with  ammonixun  sulfate;  and  also  gave  moderate  reactions  with 
ferrocyanide  and  Roberts'  reagent.  While  these  positive  tests  in 
the  filtrate  may  have  been  caused  by  failure  to  remove  all  of  the 
coagulable  protein,  it  seems  more  probable  that  there  was  a 
small  amotmt  of  proteose  present.  Whatever  the  nature  of  this 
filtrate  protein,  its  total  amount  was  evidently  very  small  in 
comparison  with  the  coagulable  protein.  The  urine  foxmd  on 
the  3rd  day  was  nearly  free  from  protein.  Spiegler  and  ferro- 
cyanide tests  both  indicated  traces,  but  these  reactions  were  little 
if  any  stronger  than  this  dog  normally  showed;  there  was  no 
reaction  for  Bence-Jones  protein.  The  urine  foimd  on  the  4th  day 
showed  only  traces  of  albumin,  no  stronger  than  before  the  ex- 
periment, so  the  dog  was  removed  from  observation.  It  is  evi- 
dent that  rather  less  than  one-third  of  the  injected  Benoe^ones 
protein  was  eliminated  during  the  first  24  hours,  and  that  after 
that  time  practically  no  more  was  recovered.  Even  granting 
that  a  very  small  amount  of  proteose  was  present  in  the  urine 
of  the  first  period,  not  more  at  most  than  one-third  of  the  pro- 
tein is  accoimted  for;  what  became  of  the  other  two-thirds  we 
are  imable  to  say;  but  as  even  when  injected  directly  into  the 
blood  stream  it  was  neither  eliminated  as  Bence-Jones  proiein 
nor  digested  and  eliminated  as  proteose,  it  does  not  seem  imreason- 
able  to  assume  that  it  is  promptly  fixed  by  the  blood  cells  or 
combined  with  something  in  the  plasma,  and  subsequently  made 
use  of  or  catabolized  in  the  organism. 

When  the  dog  has  previously  been  moderately  poisoned  by 
uranium  nitrate,  the  injection  of  considerable  quantities  of  the 

*  Taylor,  A.  E.,  and  Miller,  C.  W.,  J.  Biol.  Chem,,  1916,  xxv,  281. 
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proteiii  produces  very  different  results.  A  healthy  dog  weighing 
6.2  kilos  was  injected  subcutaneously  with  0.03  gm.  of  uranium 
nitrate,  4.8  mg.  per  kilo.  By  the  next  (2nd)  day  the  urine 
showed  a  moderate  amount  of  albiunin,  and  on  the  3rd  day  the 
dog  received  (under  ether  anesthesia)  into  a  vein  of  the  leg  8 
gm.  of  Bence-Jones  protein  dissolved  in  quite  alkaline  Ringer's 
solution.  After  coming  out  of  the  ether  he  vomited  twice.  The 
filtrate  of  this  vomitus  could  not  be  made  to  coagulate  by  heat 
and  seemed  free  from  Bence-Jones  protein.  The  urine  foimd  on 
the  4th  day  contained  some  albumin  by  boiling,  but  hardly  as 
much  as  before  the  protein  was  injected.  There  was  no  trace  of 
coagulation  when  heated  for  an  hour  at  58^  with  a  drop  of  weak 
acetic  acid,  and  the  HCl  test  was  negative;  evidently  no  Bence- 
Jones  protein  was  present.  There  was,  however,  a  very  heavy 
reaction  to  ferrocyanide  and  acetic  acid  totally  out  of  proportion 
to  the  amount  of  protein  coagulated  on  boiling.  The  urine  found 
on  the  5th  day  had  the  same  characteristics,  and  as  the  dog 
seemed  to  be  moribund  he  was  killed  with  chloroform,  and  about 
30  cc.  of  urine  were  taken  from  the  bladder.  This  gave  the  same 
reaction  as  before.  Macroscopic  examination  of  the  stomach, 
liver,  and  gall-bladder  revealed  nothing,  while  the  kidneys  showed 
moderate  inflammation. 

This  experiment  was  repeated  substituting  Bence-Jones  urine 
for  the  separated  protein.  A  dog  weighing  12  kUos  was  injected 
subcutaneously  with  0.075  gm.  of  uraniimi  nitrate,  6.2  mg.  per 
kilo.  The  next  (2nd)  day  the  iu*ine  contained  a  moderate 
amount  of  albmnin  by  the  heat,  Spiegler,  Roberts',  and  ferro- 
cyanide tests.  The  urine  fotmd  on  the  3rd  day  reacted  simi- 
larly and  under  ether  anesthesia  the  dog  received  into  a  vein 
of  the  leg  250  cc.  of  Bence-Jones  urine,  representing  nearly  7  gm. 
of  protein.  This  dog  also  vomited  after  the  ether,  and  the 
vomitus  was,  like  that  of  the  previous  animal,  free  from  Bence- 
Jones  protein.  The  urine  of  the  4th  day  contained  less  albumin 
than  before  and  no  Bence-Jones  protein.  The  reaction  to  ferro- 
cyanide is  very  strong,  and  there  is  also  a  strong  biuret  test. 
To  one  part  of  the  urine  were  added  ten  parts  of  absolute  alco- 
hol; this  was  allowed  to  stand  an  hour  and  filtered.  To  a  portion 
of  the  filtrate  was  added  water,  evaporated  down  to  small  volume 
on  the  water  bath,  when  it  gave  a  strong  biiu*et  reaction.    The 
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urine  of  the  5th  day  gave  the  same  result.  Also  a  portion  of  this 
urine  was  saturated  with  ammonium  sulfate,  and  a  drop  of  acetic 
acid  added;  the  result  was  a  heavy  precipitate,  and  the  clear 
filtrate  gave  a  strong  biuret  reaction.  Another  portion  of  the 
urine  was  saturated  with  ammonimn  sulfate  and  allowed  to 
stand  with  excess  of  the  sulfate  for  36  hours,  when  as  before  the 
clear  filtrate  gave  a  strong  biuret  reaction.  The  precipitate 
produced  by  the  ammonium  sulfate  was  in  each  instance  many- 
times  heavier  than  the  heat  coagulum.  The  6th  day  the  dog 
died. 

From  these  two  experiments  it  would  seem  that  the  uranium 
dogs  have  lost  their  normal  power  of  utilizing  the  Bence-Jonee 
protein,  and  that  the  latter  is  so  energetically  hydrolyzed  that  a 
portion  even  escapes  precipitation  by  ammonium  sulfate. 

It  might  be  objected  that  the  uranium  itself  or  the  etheriza- 
tion were  in  some  way  responsible  for  the  appearance  of  digestion 
products  in  the  urine.  In  order  to  test  this  point  we  injected 
another  dog  with  uranium  nitrate  as  before,  but  gave  no  protein. 
The  urine  for  2  days  following  showed  no  proteose.  On  the 
3rd  day  the  dog  was  etherized  for  20  minutes,  and  the  urine 
for  the  following  3  days  still  showed  no  proteose.  This  dog  was 
the  14  kUo  animal  previously  used  in  the  experiment  of  injecting 
5  gm.  of  protein.  He  was,  however,  entirely  well  as  far  as  could 
be  observed,  and  in  the  best  of  spirits.  The  amount  of  uranium 
nitrate  used  was  0.09  gm.,  6.4  mg.  per  kilo;  and  it  is  interesting 
to  note  that  although  more  uranium  was  used  than  in  the  other 
experiments  this  dog  appeared  to  have  practically  recovered  by 
the  6th  day,  the  albumin  having  almost  disappeared  from  the 
urine,  and  he  was  in  the  best  of  spirits  with  excellent  appetite. 
He  remained  under  our  observation  for  a  couple  of  weeks  and  was 
apparently  absolutely  well. 

Another  dog  weighing  9.7  kilos  was  injected  with  uranimn  ni- 
trate, using  0.06  gm.,  6.1  mg.  per  kilo.  On  the  2nd  day  there 
was  considerable  albumin,  and  on  the  3rd  day  also.  On  this 
day  imder  ether  anesthesia  we  injected  into  a  vein  200  cc.  of 
normal  urine.  The  urine  of  the  4th,  5th,  and  6th  days  showed 
no  proteose.  This  animal  recovered  rather  slowly,  and  it  was 
10  days  before  he  again  seemed  in  normal  condition. 
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DISCUSSION. 

These  experiments  indicate  that  the  normal  dog  is  able  to 
utilize  or  catabolize  a  moderate  amount  of  Bence-Jones  protein, 
even  when  this  is  injected  rapidly  into  the  circulation;  but  that  a 
limit  is  soon  reached  beyond  which  the  excess  protein  is  promptly 
excreted  in  unchanged  condition.    In  dogs  suffering  from  moder- 
ate uranium  poisoning  this  power  of  utilization  appears  to  be 
lost;  though  on  the  other  hand  no  Bence-Jones  protein  is  ex- 
creted as  such,  but  only  after  being  broken  down  to  proteose. 
It  is  interesting  that  the  dog  receiving  the  largest  dose  of  uran- 
ium (6.4  mg.  per  kilo)  but  no  urine  or  Bence-Jones  protein 
promptly  recovered;  that  the  dog  receiving  uranium  nitrate  and 
then  normal  urine  showed  more  serious  toxic  symptoms  but  did 
recover;  and  finally,  that  of  the  two  dogs  receiving  uranium  ni- 
trate and  then  Bence-Jones  protein  and  freely  excreting  proteose, 
one  died  on  the  6th  day,  and  the  other  was  moribimd  when  he 
was  killed  on  the  5th  day.    Since  the  Bence-Jones  protein  is  not 
toxic  to  the  healthy  dog,*  and  since,  apart  from  our  own  results, 
this  amount  of  uraniiun  would  not  be  expected  to  cause  rapid 
deaths,'  it  would  seem  that  the  uranimn  causes  some  change  in 
the  metabolic  power  such  that  the  normally  harmless  or  perhaps 
useful  protein  rapidly  becomes  hydrolyzed  with  imfavorable  re- 
sults.   When  dealing  with  uraniimi  poisoning,  one's  attention  is 
naturally  directed  toward  the  kidney;  but  in  these  experiments 
the  peculiar  effect  of  the  uranium  on  the  elimination  of  the  pro- 
tein might  dep^id  rather  on  a  general  toxic  influence;  possibly 
some  powerful  ferment  may  have  appeared  in  association  with 
the  m-anium  intoxication,  with  the  result  of  protecting  the  or- 
ganism from  the  In'eakdown  products  of  the  poisoning;  and  this 
fermenf ,  while  successful  in  saving  the  animal  from  the  uranium, 
is  so  active  that  as  soon  as  an  abnormal  protein  is  introduced  it 
causes  him  to  be  overwhelmed  by  proteoses  formed  from  the 
injected  protein  faster  than  they  can  be  eliminated.    This  is  the 

» Thus  W.  de  B.  MacNider  (J.  Pharm,  and  Exp,  Ther.,  1913,  iv,  491) 
in  his  studies  concerning  elimination  by  the  uranium  kidney  after  anes- 
thetics and  diuretics  found  that  it  required  6.7  mg.  per  kilo  injected  twice 
to  cause  the  "desired  changes  in  the  kidney  without  the  undesirable 
gastro-intestinal  complications/' 
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general  type  of  explanation  one  would  formulate  on  the  basis  of 
Vaughan's  hypothesis. 

It  will  be  observed  that  the  healthy  dog  which  eliminated  a 
portion  of  the  injected  Bence-Jones  protdn  received  only  0.36 
gm.  of  the  protein  per  kilo,  whereas  the  uranium  dc^  received 
respectively  1.29  and  0.58  gm.  per  kilo;  so  there  is  here  at  least 
no  evidence  in  favor  of  the  supposition  that  a  kidney  permeable 
to  normal  serum  proteins  is  on  that  account  more  easily  passed 
by  the  Bence-Jones  protein.  On  the  other  hand,  the  conditions 
of  uraniimi  poisoning  are  not  sufficiently  similar  to  those  of  a 
chronic  nephritis  to  make  positive  statements,  and  we  have  not 
succeeded  in  finding  a  dog  with  a  natural  nephritis  upon  which 
this  question  could  be  more  exactly  studied. 

The  ease  ^th  which  Bence-Jones  protein  passes  through  a 
kidney  impermeable  to  the  normal  proteins  is  almost  certainly 
not  due  to  the  molecule  being  small  in  size,  since  nearly  all  the 
more  recent  studies  indicate  that  we  have  to  deal  with  a  higher 
protein  of  large  molecular  weight.  For  example,  Hopkins  and 
Savory,  after  careful  amino-acid  determinations  state  as  their 
opinion*  that:  "Bence-Jon^s  protein  yields  all  those  amino-acids 
which  are  to  be  obtained  from  typical  proteins,  and  is  therefore* 
not  a  fractional  product  arising  from  the  partial  breakdown  of 
protein  in  metabolism;"  and  this  view  is  entirely  in  accord  with 
the  conclusions  previously  arrived  at^  on  other  grounds  by  two 
of  us.  What  may  be  the  nature  of  the  physicochemical  adjust- 
ment permitting  this  selective  action  on  the  part  of  the  kidney  we 
venture  no  surmise. 

Origin  of  the  Protein, 

Two  sources  suggest  themselves:  The  protein  may  be  a' special 
product  of  the  tumor  cells  of  the  myeloma;  or  it  may  be  a  normal 
or  possibly  aberrant  stage  in  the  synthesis  of  some  body  protein, 
the  completion  of  which  is  interfered  with  by  deficiency  of  some 
necessary  condition. 

The  first  of  these  assumptions  is  doubtless  the  more  natural, 
although  there  seems  little  direct  evidence  to  support  it.  If  the 
protein  is  in  fact  the  product  of  the  tumor  cells  we  should  expect  to 

*  Hopkins,  F.  G.,  and  Savory,  H.,  J.  Physiol.,  1911,  xlii,  189. 


A.  E.  Taylor,  C.  W.  Miller,  J.  E.  Sweet      431 

find  at  least  small  amounts  of  it  in  the  diseased  marrow.  Reach^ 
examined  the  bones  with  negative  results,  but  found  the  protein 
in  the  spleen,  which  organ  contained  a  neoplasm  similar  to  those 
found  in  the  bones.  However,  Hopkins  and  Savorjr^  foimd  no 
trace  of  the  protein  in  the  bone  marrow;  and  when  the  marrow 
was  injected  into  rats  none  of  the  protein  was  found  in  the  urine 
of  these  animals.  When  our  case  came  to  autopsy  we  were 
permitted  to  take  only  small  specimens  of  the  bones  for  micro- 
scopic examination,  and  were  therefore  not  able  to  test  this  ques- 
tion ourselves.  Rosenbloon^*  has  suggested  an  osseo-albuminoid 
origin  for  the  protein.  The  strongest  argument  in  favor  of  the 
protein  being  a  special  product  is  the  imusual  amino-acid  compo- 
sition, the  phenylalanine  and  t3TOsine  together  amounting  to 
over  9  per  cent  of  the  whole,  which,  as  Hopkins  and  Savory 
point  out,  is  "considerably  higher  than  any  yet  described  for  a 
blood  or  tissue  protein.  Judging,  indeed,  by  our  figures  as  a 
whole,  the  protein  would  seem  to  stand  by  itself."  On  the 
other  hand,  the  surprisingly  large  amounts  excreted  would  rather 
indicate  some  more  general  source.  As  was  previously  pointed 
out'  the  biologic  reactions  of  this  protein  relate  it  closely  to  the 
normal  serum  proteins,  a  conclusion  further  substantiated  by 
Massini's  complement  fixation  experiments.^  Our  ignorance  of 
tumor  composition  and  of  their  products,  if  any,  or  of  the  exact 
degree  of  foreignness  experimentally  limiting  biologic  reactions, 
makes  it  impossible  to  be  dogmatic;  but  the  conclusion  may  well 
be  reserved  whether  a  protein  behaving  biologically  as  does  this 
is  really  a  special,  and  to  the  organism  previously  unknown, 
substance. 

If  we  were  to  assume  that  in  the  diseased  marrow  something 
was  lacking  which  prevented  the  complete  synthesis  of  a  normal 
body  protein,  then  by  supplying  to  Bence^ones  protein  normal 
bone  marrow  and  excess  of  amino-acids  we  might,  theoretically 
at  least,  observe  the  building  up  of  a  protein  of  higher  coagula- 
tion point.  We  at  first  proposed  to  carry  out  such  an  experi- 
ment by  perfusing  normal  dog  bone  with  a  solution  of  Bence- 
Jones  protein  and  amino-acid  solution.    After  a  large  amount  of 

*  Reach,  F.,  Deutsch,  Arch,  klin,  Med,,  1905,  Ixxxii,  390. 

*  Rosenbloom,  J.,  Arch.  Int.  Med.,  1912,  ix,  236. 
^Massini,  R.,  DetUsch.  Arch.  klin.  Med.f  1911,  civ,  29. 
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preliminary  experimentation  we  were  forced  to  abandon  this,  as 
we  were  xmable  to  devise  and  carry  out  any  scheme  that  gave 
promise  of  reliable  quantitative  results;  and  since  in  this  experi- 
ment we  are  sure  to  have  both  Bence-Jones  and  normal  protein, 
it  is  necessary  to  operate  quantitatively  in  order  to  learn  whether 
the  latter  protein  is  being  increased  at  the  expense  of  the  former. 
We  then  tried  the  following  experiment  in  vitro.  An  amino-add 
solution  obtained  by  tryptic  digestion  of  dog  muscle  was  heated  to 
boiling,  filtered,  and  cooled,  and  to  200  cc.  of  it  were  added  2.25  gm. 
of  Bence-Jones  protein  as  well  as  thejgroimd  up  bone  marrow  from 
the  long  bones  of  a  large  dog,  removed  as  asepticaUy  as  possible 
and  used  perfectly  fresh.  A  portion  of  this  mixture  was  put 
into  the  incubator  with  toluene,  and  the  other  portion  used  to 
estimate  under  definite  previously  determined  salt  and  add  rela- 
tions the  respective  content  in  Bence-Jones  and  high  coagulation 
point  protein.  The  portion  in  the  incubator  was  allowed  to  re- 
main 7  days,  then  removed  and  analyzed  as  before.  The  results 
showed  that  only  a  trace  of  the  Bence-Jones  protein  remained, 
but  that  nearly  all  of  the  serum  protein  had  also  disappeared. 
Therefore  any  possi&le  synthetic  action  was  entirely  lost  in  the 
active  digestion  which  had  broken  down  nearly  all  of  the  coagu- 
lable  protein.  When  we  remember  the  comparative  ease  with 
which  various  ferments  accomplish  digestion  and  the  well  known 
difficulties  surrounding  the  production  artifidally  of  biologic 
synthesis,  this  result  will  cause  no  surprise;  and  we  feel  that  this 
experiment  can  only  be  regarded  as  leaving  the  question  un- 
settled. 

Course  of  the  Case  Previously  Reported. 

The  improvement  in  the  condition  of  the  patient,  previously 
reported,^  up  to  March  1,  1916,  proved  to  be  only  temporary. 
After  this  he  failed  at  first  slowly,  then  more  rapidly,  all  the 
while  maintaining  the  excretion  of  Bence-Jones  protein  at  and 
finally  above  the  previous  high  level.  In  addition  there  were  soon 
added  at  first  small  then  larger  quantities  of  senun  'albumin. 
As  we  were  imable  to  devise  a  process  for  separating  with  any 
precision  the  two  kinds  of  protein  without  at  the  same  time  caus* 
ing  material  denaturation,  this  change  in  the  character  of  the 
excretion  unfortimately  compelled  us  to  abandon  a  series  of  ex- 
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periments  which  had  been  planned  along  biologic  lines  to  obtain 
more  exact  information  as  to  which  of  the  proteins  of  the  normal 
organism  the  Bence-Jones  body  is  most  closely  related  to.  The 
patient  died  in  October,  1916,  and  for  several  months  before  that 
time  no  work  was  done  by  us  except  an  occasional  examination 
of  the  urine. 

AiUapsy. — The  only  noticeable  abnormality  of  the  viscera  was 
several  old  healed  lesions  of  the  lungs.  The  pleural  cavities  con- 
tained considerable  clear  straw-colored  fluid.  The  long  bones 
were  not  affected;  but  in  the  bones  of  the  pelvis,  ribs,  and  vertebra 
the  marrow  occupied  a  much  greater  space  than  usual  with  marked 
thinning  of  the  walls;  the  body  of  the  sacrum  was  so  spongy  as 
scarcely  to  resemble  bone  at  aU,  and  the  bony  structiu*e  of  the 
ribs  in  some  places  was  not  over  0.5  mm.  in  thickness.  The  sub- 
sequent histologic  examination  showed  undoubted  myeloma,  a 
fact  of  interest  to  clinicians  since  the  x-ray  had  indicated  no 
osseous  abnormality. 

Besides  the  specimens  for  histologic  examination,  which  will 
elsewhere  be  reported,  we  obtained  urine  from  the  bladder,  blood 
from  the  heart,  and  fluid  from  the  pleural  cavities.  The  urine 
presents  the  same  depth  of  color  and  other  appearance  as  usual, 
but  contained  3.6  per  cent  of  Bence-Jones  protein,  which  was 
more  than  we  had  ever  before  found;  and  there  was  also  consider- 
able albmnin.  The  pleural  fluid  gave  well  marked  reactions  for 
Bence-Jones  protein,  and  upon  estimation  was  found  to  contain 
0.11  per  cent.  The  blood  after  rubbing  down  the  clot  with  water 
and  pressing  through  the  filter  gave  a  well  marked  test  with 
HNO3  and  heat,'  also  the  filtrate  from  boiling  coagulation  clouded 
strongly  upon  cooling.  The  amotmt  of  blood  available  was  not 
sufficient  to  make  satisfactory  determinations,  but  the  protein 
appeared  to  amount  to  about  0.2  per  cent,  which  is  confirmed  by 
the  fact  that  the  qualitative  tests  were  definitely  stronger  than 
in  the  case  of  the  pleuritic  fluid  similarly  diluted.  Because 
hemoglobin  is  coagulated  or  decomposed  at  about  the  same  tem- 
perature at  which  Bence-Jones  protein  coagulates,  the  latter  can- 
not be  estimated  in  the  presence  of  the  former  by  the  usual 
method;  it  is  necessary  to  bring  the  whole  to  boiling  and  then  filter 
through  a  hot  filter  and  weigh  the  protein  which  separates  on 
cooling.    This  process  requires  a  large  amoimt  of  material,  gives 


434  Bence-Jones  Proteinuria.     II 

results  which  do  not  agree  well,  and  apparently  the  figures  are 
always  too  low. 

From  these  autopsy  findings  it  is  clear  that  the  protein  circu- 
lates freely  throughput  the  body. 

SUMMARY  OF   BOTH   PAPERS. 

1.  Brief  clinical  notes  of  the  case  are  given. 

2.  A  niunber  of  reactions  of  the  Bence^ones  protein  found  in 
this  case,  together  with  methods  of  identification,  are  described. 

3.  A  method  of  separating  the  protein  and  of  preparing  a 
protein-free  urine  is  also  described. 

4.  Anaphylactic  sensitization  is  accomplished  best  by  the  sepa- 
rated protein,  less  well  by  the  same  amount  of  protein  as  found 
in  the  native  urine.  Some  factor  exists  in  the  native  urine  which 
prevents  the  protein  contained  in  it  from  exerting  its  normal  sen- 
sitizing action;  and  this  factor  is  thermostabile  at  55^,  but  is 
destroyed  by  heating  to  near  the  boiling  point  or  by  such  chemical 
manipulation  as  described  in  our  method  for  preparing  protein- 
free  urine.  Subsequent  anaphylactic  intoxication  is  shown 
equally  by  the  native  urine  and  by  the  separated  protein. 

5.  The  protein  shows  no  direct  toxicity. 

6.  The  separated  protein  is  digested  with  great  ease  by  both 
pepsin  and  trypsin. 

7.  The  protein  is  no  proteose,  but  a  higher  protein  of  definite 
biologic  stamp. 

8.  It  is  of  endogenous  origin,  and  might  be  derived  either 
from  the  timior  cells  of  the  myeloma,  or  produced  through  an  in- 
terrupted or  aberrant  synthesis  of  some  normal  body  protein. 
The  biologic  indications  of  close  relationship  to  the  normal  blood 
proteins,  and  the  enormous  quantities  produced  would  seem  to 
favor  the  second  alternative.    The  question  remains  obscure. 

9.  When  we  allowed  Bence-Jones  protein,  normal  bone  marrow, 
and  an  amino-acid  solution  to  remain  together  for  7  dayB  nearly 
all  coagulable  protein  had  disappeared.  In  the  presence  of  this 
active  digestion  we  were  imable  to  learn  whether  any  synthesis 
had  occurred  or  not. 

10.  Normal  dogs  can  utilize  or  catabolize  moderate  quantities 
of  Bence-Jones  protein,  but  a  limit  is  soon  reached  beyond  which 
the  protein  is  promptly  excreted  in  unchanged  condition. 
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11.  In  dogs  suffering  from  moderate  uranium  poisoning  this 
power  of  utilization  is  lost,  and  the  Bence- Jones  protein  is  ener- 
getically hydrolyzed  and  eliminated  as  proteose. 

12.  Moderate  doses  of  uranium  nitrate,  which  provoke  only 
moderate  symptoms  rapidly  become  fatal  when  Bence-Jones 
protein  is  injected  into  the  circulation.  An  explanation  of  this  in. 
harmony  with  the  Vaughan  hypothesis  would  be  that  some  fer- 
ment arises  in  association  with  the  uranium  intoxication  protect- 
ing the  organism  from  breakdown  products  of  the  poisoning,  and 
that  the  ferment  is  so  active  that  as  soon  as  an  abnormal  protein 
is  introduced  the  animal  is  overwhelmed  by  the  proteose  formed 
from  the  injected  protein. 

13.  At  autopsy  the  bones  of  the  pelvis,  ribs,  and  vertebrae  were 
found  involved  in  extensive  myeloma  notwithstanding  that  the 
<dinical  findings  during  life  were  negative. 

14.  Urine  taken  from  the  bladder  at  autopsy  showed  3.6  per 
cent  of  Bence-Jones  protein,  besides  considerable  albumin;  the 
pleural  fluid  showed  0.11  per  cent  of  Bence-Jones  protein;  and  the 
blood  appeared  to  contain  about  0.2  per  cent  of  Bence-Jones 
protein.  Evidently  the  protein  circulates  with  great  freedom 
throughout  the  body. 


THE  DETERMINATION  OF  CHOLESTEROL  IN  BLOOD. 

Bt  w.  r.  bloor. 

(Prom  the  Labarataries  of  Biological  Chemistry f  Harvard  Medical  School, 

Boston,) 

(Received  for  publication,  February  27,  1917.) 

Weston^  has  recently  reported  results  obtained  by  the  use  of 
my  method  for  the  determination  of  cholesterol  in  blood.  These 
results  are  inconsistent  and  justify  his  finding  that  in  his  hands 
the  method  was  useless.  On  the  other  hand,  the  method  has 
given  consistent  results  in  this  laboratory  in  various  hands  for 
over  a  year  and  is  known  to  be  in  use  in  other  laboratories  where 
a  thorough  testing  out  before  adoption  would  be  a  matter  of 
course.  In  published  work  on  the  subject  Mueller^  has  ob- 
tained results  similar  to  mine  in  a  comparison  of  the  method  with 
that  of  Autenrieth  and  Funk  and  has  reported  the  alcohol-ether 
method  of  extraction  "most  excellent."  Denis'  has  reported 
essentially  the  same  values  for  normal  blood  as  I  had  obtained. 
While  it  could  hardly  be  expected  that  any  method  would  find 
acceptance  at  all  hands,  this  method  seemed  to  have  the  ad- 
vantages of  simplicity  in  principle  and  ease  and  rapidity  in  op- 
eration, with  the  further  advantage  that  the  same  alcohol-ether 
extract  may  be  used  for  the  determination  of  other  blood  Upoids. 
It  was  desirable  therefore  to  find  out  if  possible  the  reason  for 
Weston's  inconsistent  results,  both  for  the  justification  of  those 
already  using  the  method  and  to  correct  if  necessary  the  direc- 
tions so  as  to  prevent  further  trouble  with  it. 

Experience  has  taught  that  in  cases  of  this  kind  the  most 
frequent  cause  of  failure  is  a  use  of  the  method  in  some  other 
way  than  that  directed  or  intended.  It  is  a  fact  well  known  to 
chemists  that  few  methods  are  flexible  enough  to  be  used  in  any 

1  Weston,  P.  G.,  J,  BioL  Chem.,  1915-17,  xxviii,  383. 
•Mueller,  J.  H.,  J.  Biol.  Chem.,  1916,  xxv,  549. 
•Denis,  W.,  J.  Biol,  Chem.,  1917,  xxix,  93. 
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other  way  than  that  worked  out  by  the  originator.  While 
Weston's  description  of  his  procedure  is  brief  and  lacking  in 
essential  details,  there  is  sufficient  to  show  that  he  has  probably 
violated  both  the  principle  and  the  expressed  directions.  Thus 
in  his  version  of  the  method,  after  describing  the  extraction  with 
alcohol-ether,  bringing  to  100  cc,  and  filtering,  the  filtrate  was 
divided  into  two  parts,  the  first  part  was  evaporated  to  dryness, 
and  the  residue  "taken  up  with  chloroform."  The  second  was 
treated  with  potassium  hydrate  and  then  as  in  the  Weston-Kent 
method.  Two  points  naay  be  noted  here;  first,  that  the  filtrate 
is  not  the  whole  extract — ^it  is  an  indefinite  volume  depending 
on  the  amoimt  held  back  by  the  precipitate  and  filter  paper,  and 
generally  about  90  cc, — so  that  what  is  obtained  by  taking 
half  of  it  is  about  45  per  cent  of  the  whole  extract;  second,  that 
while  complete  extraction  of  the  residue  from  half  the  extract  is 
possible,  and  is  desirable  in  certain  cases,  it  is  a  much  more 
difficult  and  time-consuming  procedure  than  complete  extractiou 
of  the  residue  from  10  cc.  It  does  not  follow  at  all  that  since  the 
cholesterol  from  a  small  residue  may  be  extracted  by  a  few 
minutes'  boiling  with  chloroform  the  larger  residue  can  be  ex- 
tracted by  a  similar  short  treatment.  It  is  evident  that  failure 
to  get  a  good  extraction  is  probably  an  important  cause  of  the 
inconsistent  results,  from  the  fact  that  lower  values  are  obtained 
from  Solution  B  which  contains  50  per  cent  more  cholesterol  than 
Solution  A.  Whether  the  extraction  of  the  serum  with  alcohol- 
ether  was  also  at  fault  is  not  apparent,  but  it  is  evident  that  it 
was  not  always  so,  for  the  values  which  he  obtained  from  the 
alcohol-ether  extract  saponified  and  determined  in  his  own  way 
are  consistent  and  in  fair  agreement  (when  increased  by  10  per 
cent  to  cover  the  error  in  aliquot)  with  those  obtained  by  the 
various  other  methods.  Thus  for  Solution  A  the  reported  value 
is  173  mg.,  and  for  Solution  B  270  mg.  These  values  increased 
10  per  cent  would  be  190  and  297  mg.,  which  compare  well  with 
the  values  of  185  and  285  mg.  obtained  by  the  other  methods. 
It  is  perhaps  significant  that  these  values  obtained  by  his  own 
method,  with  which  he  would  presumably  be  most  familiar,  are 
the  only  consistent  results  obtained  by  the  use  of  any  part  of 
my  method. 
My  directions  for  the  second  part  of  the  procedure,  the  pro- 
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duction  of  the  color,  call  for  the  cholesterol  from  10  cc.  of  alcohol- 
ether  extract — ordinarily  about  0.5  mg.  (volumes  to  contain  this 
amount  are  specified  in  later  use  of  the  method*) — dissolved  in  5 
cc.  of  chloroform  and  compared  with  0.5  mg.  of  cholesterol  also 
in  5  cc.  of  chloroform;  that  is,  the  standard  and  test  solutions 
are  of  about  the  same  strength.  They  are  also  treated  with  the 
same  amounts  of  reagents  and  are  otherwise  under  parallel 
conditions — a  plan  of  procedure  which  has  been  followed  in  all 
the  methods  for  blood  lipoids  and  which  is  beUeved  to  be  the  safe 
one  for  work  in  a  new  field.  In  Weston's  version  of  my  pro- 
cedure a  corresponding  amount  of  serum  extract  is  used  for  the 
test  solution,  but  for  the  standard  he  tised  a  solution  contain- 
ing 2.7  mg.  of  cholesterol  in  10  cc.  of  chloroform — a  standard 
approximately  two  and  one-half  times  as  strong  as  the  test. 
For  this  strong  solution  the  same  concentration  of  acetic  anhy- 
dride and  sulfuric  acid  was  employed  as  for  the  much  weaker 
test  solution.  While  the  error  introduced  by  comparing  colored 
solutions  so  widely  different  in  strength  might  not  be  great, 
it  was  improbable  that  either  the  quality  or  intensity  of  the  color 
would  be  the  same  under  these  different  conditions  of  treatment. 
That  this  is  the  case  is  shown  by  the  following  experiment. 
Chloroform  extracts  of  blood  cholesterol  obtained  by  the  Auten- 
rieth  and  Funk  method*  (Solutions  A,  B,  F,  and  G,  below)  were 
compared  with  standards  prepared  (a)  according  to  my  direc- 
tions, standard  0.5  mg.  of  cholesterol  in  5  cc.  of  chloroform 
treated  with  2  cc.  of  acetic  anhydride  and  0.1  cc.  of  concen- 
trated sulfuric  acid;  and  (6)  according  to  Weston's  modification 
of  my  directions,  stand^lrd  2.7  mg.  of  cholesterol  in  10  cc.  of 
chloroform  treated  with  4  cc.  of  acetic  anhydride  and  0.2  cc.  of 
sulfuric  acid.  All  were  digested  for  15  minutes  in  the  dark  at 
22**C.  The  values,  calculated  in  mg.  per  100  cc.  of  blood,  are 
shown  in  Table  I. 

The  values  obtained  by  Weston's  modification  are  thus  dis- 
tinctly higher  than  those  obtained  by  my  directions.  The 
colors  were  quite  smoky  in  tint  so  that  comparison  was  difficult. 
The  high  values  may  be  in  part  due  to  the  difference  in  tint,  but 
probably  more  to  the  relatively  low  concentration   of  acetic 

♦  Bloor,  W.  R.,  J.  Biol.  Chem,,  1916,  xxv,  577. 

» Autenrieth,  W.,  and  Funk,  A.,  MUnch.  med.  Woch.,  1913,  Ix,  1243. 


440 


Cholesterol 


TABI4B  I. 


Solution. 

By  my  direetiont. 

By  Weston's  modificatioD. 

A 
B 
F 
G 

218 
216 
115 
113 

245 
240 
150 
148 

anhydride  and  sulfuric  add  in  Weston's  standard  which  resulted 
in  an  incomplete  development  of  the  color. 
Weston's  experiment  was  repeated  as  follows: 

Two  samples  of  50  cc.  each  of  fresh  beef  plasma  were  taken  and  to  one 
were  added  5  cc.  of  ether  containmg  50  mg.  of  cholesterol,  and  to  the 
other  5  cc.  of  ether  alone  (Weston  did  not  add  ether  to  his  control  serum). 
The  two  solutions  were  well  shaken  and  after  standing  for  about  2  houn 
with  occasional  shaking,  samples  were  taken  from  them  as  follows. 

a.  Eight  3  cc.  samples  were  taken  from  each  and  extracted  with  alco- 
hol-ether according  to  directions  in  my  method.*  10  cc.  of  the  extracts 
were  used  for  the  determination. 

6.  Four  2  cc.  samples  were  taken  from  each,  digested  with  alkali,  and 
extracted  with  chloroform  according  to  the  directions  of  Autenrieth  and 
Funk.*  The  chloroform  extracts  after  dehydration  and  filtering  were 
made  up  to  100  cc.  15  cc.  samples  were  used  for  the  detenninations  and 
were  measured  into  small  beakers,  evaporated  to  less  than  5  cc,  cooled, 
transferred  to  the  10  cc.  cylinders,  and  made  up  to  5  oc.  with  the  washinp 
from  the  beakers. 

c.  Four  50  cc.  samples  of  the  alcohol-ether  extracts  from  a  were  evap- 
orated almost  to  dryness,  then  treated  with  alkali,  and  extracted  with 
chloroform  according  to  the  directions  of  Autenrieth  and  Funk,  using 
corresponding  amoimts  of  alkali  and  chloroform. 

In  all  determinations  the  samples  and  standard  were  each  contained 
in  5  cc.  of  chloroform  and  were  treated  with  2  cc.  of  acetic  anhydride  and 
0.1  cc.  of  concentrated  sulfuric  acid  in  the  dark  at  room  temperature 
(20-22^C.)  for  15  minutes.  The  Duboscq  colorimeter  was  used  through- 
out and  there  can  be  no  question  that  it  is  more  accurate  and  less  sub- 
ject to  personal  error  than  the  Autenrieth-Kdnigsberger  instrument,  cer- 
tainly than  the  **Helltge*'  form  which  appears  in  this  country.  The 
Duboscq  has  also  the  advantage  that  the  standard  and  test  solutions  are 
of  about  the  same  strength.  It  may  be  noted  here  that  Autenrieth  and 
Funk  did  not  use  a  cholesterol  standard,  but  instead  used  a  permanent 
standard  made  of  a  mixture  of  metallic  salts  which  was  calibrated  by  the 
use  of  known  cholesterol  solutions,  thus  avoiding  the  difficulty  mentioned 

•  Bloor.  J.  BioL  Chem,,  1916,  xxiv,  227. 
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above.  A  peimanent  standard  such  as  Autenrieth  and  Funk  used  has 
some  advantages  especially  for  use  with  the  Autenrieth-Ednigsberger 
type  of  colorimeteri  and  as  they  do  not  give  the  composition  of  their 
solution,  an  attempt  is  being  made  to  prepare  a  suitable  solution. 

The  results  of  single  consecutive  determinations  on  these 
samples  are  given  in  Table  II.  The  values  are  expressed  in  mg. 
per  100  cc.  of  blood. 

TABLE  n. 


A.  My  procedure. 

B.  Autenrieth  and  Funk'e  procedure. 

Directly  on  bloxl. 

Sample. 

Value. 

Sample. 

Value. 

Control  plasma. 

• 

Control  plasma. 

1 

130 

A 

114 

2 

130 

B 

115 

3 

130 

C 

118 

4 

128 

D 

118 

5 

128 

Plasma    plus    1 

6 

129 

mg.  of  choles- 

7 

129 

terol  per  1  cc. 

8 

129 

E 

218 

F 

216 

G 

218 

H 

216 

On  aloohol-etber  eactraota. 

Plasma  plus  1  mg. 

Control. 

of     cholesterol 

1 

119 

per  1  cc. 

1 

227 

lesterol. 

2 

229 

1 

219 

3 

229 

2 

214 

4 

230 

3 

219 

5 

229 

6 

235 

7 

235 

8 

229 

These  results  show  that  the  method  will  do  all  that  has  been 
claimed  for  it  when  used  as  originally  directed.  Satisfactory 
recovery  of  added  cholesterol  is  obtained  either  by  the  use  of 
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my  method  throughout  or  by  the  application  of  my  procedure 
for  color  production  to  extracts  obtained  by  the  Autenrieth- 
Funk  digestion  either  of  plasma  direct  or  of  alcohol-ether  ex- 
tracts of  it. 

The  alkali  treatment  either  of  plasma  or  of  alcohol-ether 
extracts  of  it  results  in  lower  values. 

The  points  emmierated  below  are  sufl5cient  to  explain  the  low 
values  reported  by  Weston  but  not  the  very  high  ones  obtained 
by  him  in  some  cases.  My  method  of  cholesterol  determina- 
tion is  based  on  the  liebermann-Biurchard  color  reaction  as  used 
by  Autenrieth  and  Funk,  adapted  for  use  with  the  alcohol- 
ether  extraction  of  blood.  The  only  departiure  'from  Auten- 
rieth and  Funk's  directions  (aside  from  the  use  of  a  cholesterol 
standard  instead  of  a  salt  standard)  is  that  the  color  produc- 
tion is  carried  out  at  room  temperatiure  instead  of  at  aboiit 
32**C.  (obtained  by  setting  the  color  tubes  in  a  beaker  of  water 
at  32-35** — ^in  which  the  temperature  may  be  3°  or  4**  lower  by 
the  end  of  the  15  minutes).  The  change  to  room  temperature 
was  made  as  the  result  of  experiments  which  showed  that  slightly 
'higher  results  were  obtained  at  the  lower  temperatiure  and  that 
the  solutions  were  free  from  a  yellowish  tint  which  developed  at 
the  higher  temperature.  In  the  published  directions  no  definite 
temperatiure  was  specified  and  as  this  seemed  to  be  a  possible 
source  of  error,  temperature  conditions  were  sought  other  than 
those  in  which  the  reaction  was  ordinarily  carried  out.  Ordi- 
narily the  cylinders  in  which  the  color  was  produced  were  placed 
in  the  cupboard  of  a  table  in  the  middle  of  the  laboratory  where 
the  temperature  was  at  least  as  constant  as  that  of  the  laboratory 
which  is  kept  at  20-23®C.  for  all  but  the  hottest  months  of  the 
year.  On  the  other  hand,  the  temperature  in  a  partly  enclosed 
window-seat  of  a  north  window  in  the  laboratory  was  f oimd  to  be 
12^C.  A  series  of  samples  were  therefore  allowed  to  digest  15 
minutes  in  a  dark  box  there.  The  values  obtained  for  blood 
cholesterol  were  very  high,  almost  double  those  obtaiped  at  21®C., 
and  were  quite  irregular.  The  color  in  the  standard  cholesterol 
cylinder  was  obviously  only  little  developed  while  that  in  the 
blood  cholesterol  cylinder  was  well  developed.  These  results 
indicated  that  the  standard  cholesterol  did  not  react  at  the  same 
rate  as  the  blood  cholesterol,  and  other  experiments  to  test  this 
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point  were  carried  out  as  follows.  Solution  A  was  a  chloroform 
extract  of  residues  from  evaporation  of  mixed  alcohol-ether  ex- 
tracts of  human  blood.  Solution  B  was  a  standard  cholesterol 
(Kahlbaimx)  solution  in  chloroform  containing  0.5  mg.  of  choles- 
terol in  5  cc.  Pairs  of  samples  consisting  of  one  each  of  these 
solutions  were  digested  at  temperatures  of  10-34^  as  follows. 

5  cc.  of  each  solution  were  measured  into  a  10  cc.  flask  and  2 
cc.  of  acetic  anhydride  added.  The  solution  was  adjusted  to  the 
required  temperatiure  by  shaking  in  water  at  that  temperature, 
0.1  cc.  of  concentrated  sulfuric  acid  added,  the  temperatiure  again 
quickly  adjusted,  and  the  little  flasks  were  placed  in  water  in  a 
beaker  thermostat  at  the  desired  temperatiu*e,  covered,  and  set 
in  the  dark  for  15  minutes.  At  the  end  of  that  time  the  reaction 
was  stopped  by  chilling  the  solutions  in  ice  water  and  comparisons 
were  made  at  once  with  the  standard  solution. 

A^  a  standard  for  each  of  the  determinations  a  5  cc.  sample 
of  the  standard  cholesterol  was  digested  at  22^  in  the  same  way 
as  the  test  samples,  then  chilled  before  use.  The  results  of  a 
t3rpical  series  are  given  in  Table  III. 

TABLE  m. 


Tecn- 
taxv. 

SolatkmA 

(blood 
eholcBtOToD- 

-     Tint*ofoolor. 

SohitioaB 

(Kahl. 

bMim's 

ebolesterol). 

Tint*  of  ooior. 

•c. 

iiv. 

tno. 

10 

0.48«*=** 

Blue. 

Trace. 

14 

0.62 

Bluish. 

0.21«*=** 

Blue. 

18 

0.62 

tt 

0.30«*=** 

U 

22 

0.68 

Matched. 

0.50 

Matched. 

26 

0.62 

Faint  yellowish. 

0.52 

Faint  yellowish. 

ao 

0.60*  •♦ 

Yellow. 

0.48 

Yellowish. 

34 

0.68*** 

Deep  yellow. 

0.40*** 

Yellow. 

*  As  compared  with  the  standard. 

**  These  values  are  approximate  because  of  the  difiSculty  of  comparing 
folors  of  different  tints. 


Extracts  from  other  blood  samples  showed  some  variations 
from  the  above,  but  in  general  the  results  were  the  same  and  in- 
dicate that' the  blood  cholesterol  behaves  quite  differently  from 
the  standard  cholesterol.    It  reacts  more  readily  with  the  re- 
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agents,  comes  to  its  inaximiim  sooner,  and  begins  to  fade  sooner 
than  the  standard  (gall-stone?)  cholesterol.  Whether  the  blood 
cholesterol  is  wholly  or  in  part  a  different  substance  from  the 
standard  or  whether  the  difference  in  speed  of  reaction  is  due  to 
an  impurity  in  the  blood  extracts  which  accelerates  the  reaction 
is  not  clear,  but  in  view  of  these  differences  in  rate  a  further  study 
of  the  liebermann-Burchard  reaction  in  its  application  to  blood 
cholesterol  is  desirable  and  is  now  being  imdertaken  in  tiiis 
laboratory. 

The  results  obtained  above  indicate  that  values  obtained  at 
22**  are  more  nearly  correct  than  those  obtained  at  either  higher 
or  lower  temperattu-es.  At  lower  temperatures  the  standard 
color  has  not  fully  developed  while  at  the  higher  temperatures 
the  blood  cholesterol  color  has  passed  its  mayiTniiTp  and  has 
begrm  to  fade. 

The  experiments  recorded  in  Table  III  throw  an  interesting 
light  on  the  question  of  tints  of  color  in  blood  cholesterol  deter- 
minations. Mueller^  and  Weston^  have  both  reported  yellowish 
or  Ijrownish  tints  in  the  colors  obtained  from  extracts  nuuie  by 
my  method.  As  noted  above,  the  color,  whether  of  blood  cho- 
lesterol or  of  the  standard  cholesterol,  passes  through  the  stages 
of  blue-green,  green,  yellow-green,  and  finally  yellow,  and  whether 
the  standard  solution  has  a  bluish  or  yellowish  tint  as  Compared 
with  the  test  solution  depends  on  the  relative  stage  of  develop- 
ment of  the  two.  There  is,  of  course,  a  considerable  personal 
factor  in  judging  tints  of  color,  but  in  the  course  of  a  great  num- 
ber of  blood  cholesterol  determinations  carried  out  by  my  method 
at  room  temperature  (22**)  I  have  foxmd  very  few  in  which  the 
difference  of  tint  was  suflScient  to  make  any  difficulty  in  read- 
ing. In  some  cases,  most  frequently  in  extracts  of  whole  blood, 
the  alcohol-ether  extract  was  brown  or  brownish  green,  and  it 
was  found  that  this  color  carried  through  into  the  chloroform. 
To  get  rid  of  this  color  Mueller ^s^  directions  have  been  found 
useful.  After  evaporating  the  alcohol-ether  extract  and  extract- 
ing the  residue  with  chloroform  (using  about  15  cc),  the  chloro- 
form is  washed  with  water,  dried  with  anhydrous  sodixun  sulfate, 
evaporated  to  small  volmne,  and  the  color  produced  in  the  cyl- 
inders as  usual.  The  brownish  color  is  soluble  in  water  and  is 
almost  entirely  removed  by  this  treatment.    A  simpler  way  of 
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accomplishing  the  same  result  (due  to  Dr.  W.  E.  McEllroy  of 
this  laboratory)  is  to  shake  the  alcohol-ether  extract  with  about 
5  gm.  of  the  anhydrous  sulfate.  Occasionally  a  sample  is  ob- 
tained (I  have  had  three)  in  which  the  alcohol-ether  extract  is 
colorless  but  which  develops  a  brown  color  in  the  chloroform  on 
treatment  with  acetic  anhydride  and  sulfuric  add.  Washing  or 
treatment  with  sodiimx  sulfate  was  less  effective  in  these  cases. 
Some  form  of  alkali  treatment  was  necessary  either  with  sodium 
ethylate,  as  was  originally  directed/  or  with  strong  watery  alkali 
and  extraction,  as  in  Autenrieth  and  Funk's  method. 

SUMMARY. 

Results  reported  by  Weston  in  the  use  of  my  method  for  the 
determination  of  cholesterol  in  blood  are  discussed  and  probable 
reasons  for  their  inconsistency  noted. 

Differences  in  behavior  of  blood  cholesterol  and  standard 
(Kahlbaxmi's)  cholesterol  are  foimd. 

A  temperature  of  22^C.  has  been  foimd  most  suitable  for  the 
color  production. 

Causes  of  ''off  color"  are  discussed  and  suggestions  offered  for 
their  correction. 

7  Bloor,  /.  Biol.  Chem.,  1015,  xxiu,  317. 
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{From  the  Chemieal  Laboratory  of  the  MaseaekueeUe  General  Hospital,  and 
the  Biochemical  Laboratory  of  the  Harvard  Medical  School,  Boston.) 

(Rec&ved  for  publication,  January  31,  1017.) 

A  short  time  ago  during  the  course  of  a  series  of  observations 
on  the  urine  of  a  woman  suffering  from  Graves'  disease,  we  made 
the  discovery  that  while  the  day  urine  of  this  patient  contained 
considerable  quantities  of  creatine,  the  urine  passed  during  the 
night  was  practically  creatine-free. 

This  observation  has  been  followed  by  creatine  determinations 
in  the  day  and  night  urines  of  a  number  of  hospital  patients, 
with  the  result  that  in  every  case  examined  it  has  been  found 
that  the  excretion  of  creatine  is  in  a  large  measure  confined  to  the 
hours  between  7  a  jn.  and  7  p.m.  The  results  of  our  observations 
are  given  in  the  tables. 

The  experimental  subjects  were  all  patients  at  the  Massachu- 
setts Greneral  Hospital.  They  were  kept  in  bed  during  the  period 
of  observation  and  were  fed  during  this  period  and  2  days  pre- 
viously a  liberal  diet  free  from  meat,  fish,  peas,  or  beans. 

The  creatinine  and  creatine  determinations  were  made  by 
FolinV  micro  methods.  Picric  acid  carefully  purified  by  the 
method  described  by  Folin  and  Doisy^  was  used  throughout  the 
work. 

In  Table  I  are  presented  the  results  obtained  by  collecting 
the  urine  in  12  hour  i)eriods  from  7  a.m.  to  7  p.m.  and  from  7 
p.m.  to  7  a.m. 

As  will  be  seen,  the  quantity  of  creatine  excreted  during  the 
night  is  but  a  fraction  of  that  obtained  in  the  day  urine,  while 

» Folin,  O.,  /.  Biol.  Chem.,  1914,  xvii,  472. 

•  Folin,  O.,  and  Doiay,  E.  A.,  /.  Biol.  Chem.,  1916-17,  xxi^iii,  349. 

447 


448 


Creatine  Excretion 


TABLE  I. 


& 


1 

9 

3 

4 
5 

6 

7 

8 
0 


1 

• 

1 

irr«. 

9 

24 

9 

27 

9 

32 

& 

d5 

cf 

44 

9 

10 

& 

10 

& 

10 

Difnorii. 


Graves'  disease,  mild 
case 

Graves'  disease,  mild 
case 

Graves'  disease 

Same  patient 

Cirrhosis    of    liver, 
ascites 

Pneumonia,  temper- 
ature  100-100.4**  F, 

Graves'         disease, 
very  severe  case 

Nephritis 


Day. 
7  ft.  in.^7  p.  in. 


Vol- 
ome. 


560 

1,500 

1,100 

900 

905 

650 

610 
860 
860 


Pi»- 

fonn6d 


imne. 


Qtn, 

0.32 

0.32 
0.37 
0.36 

0.67 

0.71 

• 

0.30 

0.18 

0.28 


Croft- 


Qfit, 

0.15 

0.21 
0.26 
0.23 

0.19 

0.23 

0.26 
0.16 
0.07 


Nlclit. 

7  p.  m-— 7  ft.  m. 


Vol- 
nme. 


500 

820 
505 
610 

640 

660 

700 
665 
400 


Pro- 
formed 


imiis. 


0.30 

0.37 
0.31 
0.33 

0.60 

0.70 

0.30 
0.17 
0.25 


0.02 

0 

0.08 

0.03 


0.02 

0.06 
0.03 
0.01 


in  some  cases  creatine  is  entirely  absent  from  the  night  urine, 
while  present  in  considerable  quantities  in  that  passed  during  the 
day. 

In  order  to  study  to  greater  advantage  the  effeoti  if  any^  pro- 
duced by  the  ingestion  of  food  on  the  creatine  output,  we  have 


TABLE  n. 

Time. 

Vol- 
ums. 

Totftl 
nitro- 
gen. 

fonnad 
creftt- 
inin*. 

Croft- 
tine. 

RMnftricft. 

cc. 

mg- 

m§. 

«!#. 

7-  9  a.m. 

90 

810 

51 

20 

Female,  24  yrs.  old,  weight 
kg.    Graves'  disease. 

54.5 

^11    " 

120 

1,010 

52 

32 

Breakfast  at  8. 

11  a.m.-l  p.m. 

200 

925 

50 

10 

Dinner  at  12. 

1-^  p.m. 

175 

1,100 

60 

44 

3-5     " 

160 

960 

52 

20 

5-7     " 

210 

1,186 

54 

32 

Supper  at  5. 

7  p.m.— 7  a.m. 

440 

2,422 

290 

30 

Total  creatine  excretion  for  the  day     (12  hrs.)  158  mg. 
"  "  "  "     "   night  (12    "  )    30    " 
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made  2  hour  collections  from  7  a.m.  to  7  p.m.  in  five  cases. 
The  results  of  these  observations  are  presented  in  Tables  II  to 
VI  inclusive. 

After  the  above  work  had  been  completed  our  attention  was  called 
to  a  paper  by  Powis  and  Raper*  which  we  had  overlooked.  These 
investigators  studied  the  diurnal  and  nocturnal  variations  in  the 


TABLE  m. 


Time. 

1 

•3 
> 

1 

•a 

1* 

Preformed 
creatinine. 

• 

Creatine. 

ce. 

mg. 

mg. 

mg. 

7-  9  a.m. 

156 

672 

56 

70 

Female,  20  yrs.  old,  weight  50 
kg.    Graves'   disease,   severe 
case. 

9-11     " 

210 

900 

52 

102 

Breakfast  at  8.15. 

11  a.m.-l  p.m. 

320 

1,185 

60 

84 

Dinner  at  12.20. 

1-3  p.m. 

275 

1,100 

60 

42 

3-5    " 

220 

762 

56 

44 

5-7    " 

190 

505 

55 

52 

Supper  at  5.15. 

7  p.m.-7  a.m. 

430 

360 

60 

Total  creatine  excretion  for  the  day     (12  hrs.)  394  mg. 

"      "  night  (12    "  )    60  " 


u 


TABLE  IV. 


Time. 

• 

• 
i 

9 

Preformed 
creatinine. 

I 

Remarks. 

* 

ee. 

mg. 

mg. 

7-11  a.m. 

276 

130 

80 

Female,  32  yrs.  old,  weight  68.1  kg. 
Graves'  disease. 

11  a.m.-l  p.m. 

225 

55 

42 

Breakfast  at  7.45. 

1-3  p.m. 

475 

70 

80 

Dinner  at  12.20. 

3n5      " 

220 

70 

22 

5-7    " 

370 

70 

41 

Supper  at  5. 

7  p.m.-7  a.m. 

700 

420 

110 

Total  creatine  excretion  for  the  day     (12  hrs.)  265  mg. 

"     "   night  (12    "  )  110    " 


'  Powis,  F.,  and  Raper,  H.  S.,  Biochem.  J.,  1916,  x,  363. 
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TABLE  V. 


Time. 

• 

• 

"o 

> 

1 
1' 

Preformed 
creatinine. 

• 
a 

1 

cc. 

mg. 

mg. 

mg. 

7-  9  a.m. 

150 

422 

30 

20 

^11  " 

170 

530 

34 

41 

11  a.m.-l  p.m. 

110 

490 

29 

18 

1-5  p.m. 

415 

1,330 

65 

39 

6-7  " 

122 

692 

29 

10 

7  p.m.— 7  a.m. 

400 

2,925 

173 

28 

Remarks. 


Boy,  10  yrs.  old,  convalescent 

after  amputation  of  leg. 
Breakfast  at  8.15. 
Dinner  at  12.30. 


Supper  at  5. 


Total  creatine  excretion  for  the  day     (12  brs.)  128  mg. 

night  (12    "  )     28 


« 


« 


« 


« 


« 


« 


TABLE  VI. 


Time. 


7-  9  a.m. 


u 


^11 

11  a.m.-l  p.m. 

1-5  p.m. 

6-7    " 
7  p.m.— 7  a.m. 


• 

1 

9 

O 
> 

Preformed 
creatinine. 

• 

S 

1 

ee. 

mg. 

mg. 

100 

30 

20 

150 

33 

10 

210 

29 

11 

410 

70 

41 

100 

27 

15 

260 

180 

0 

RemaHca. 


Boy,   12  yrs.  old,  weight  31.8  kg. 

Convalescent  from  nephritis. 
Breakfast  at  8.10. 
Dimier  at  12.30. 
Supper  at  6. 


l*otal  creatine  excretion  for  the  day     (12  hrs.)  97  mg. 

night  (12    "  )    0 


« 


u 


« 


u 


u 


it 


excretion  of  creatine  by  a  normal  3  year  old  child.  They  found 
that  in  this  subject  the  rate  of  creatine  excretion  was  highest 
during  the  morning,  decreased  somewhat  in  the  later  afternoon, 
and  was  very  small  during  the  night.  These  variations  in 
creatine  excretion  are,  according  to  Powis  and  Raper,  not  asso- 
ciated with  the  ingestion  of  food,  but  are  due  to  the  fact  that  the 
body  when  at  rest  has  greater  power  to  utilize  creatine  than  when 
the  muscles  are  in  action. 
As  will  be  seen  from  our  results  the  excretion  of  creatine  by 
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persons  on  a  strictly  creatine^ee  diet  varies  from  hour  to  hour; 
in  most  of  the  cases  examined  it  attained  a  mRTiTnnm  in  about  2 
hours  after  the  substantial  meal  of  the  day.  Thus  the  subject 
used  in  Table  I  ate  but  little  breakfast  (a  small  dish  of  oatmeal, 
one  slice  of  toast,  and  one  glass  of  milk),  but  partook  of  a  sub- 
stantial dinner  at  noon  (tomato  pur^e,  potato,  two  ^gs,  bread, 
milk,  ice-cream);  it  will  be  noted  that  in  her  case  the  creatine 
excretion  was  not  great  during  the  morning  hours,  but  attained 
a  maximum  between  1  and  3  o'clock  in  the  afternoon.  On  the 
other  hand  the  subject  used  in  Table  IV  ate  large  quantities  of 
food  both  at  breakfast  and  dinner  and  shows  a  corresponding 
rise  in  creatine  excretion  after  both  of  these  meals. 

It  is  also  to  be  noted  that  on  the  whole  the  rise  in  nitrogen 
excretion  following  the  ingestion  of  protein  lags  behind  the  curve 
of  increased  creatine  excretion  apparent  after  ^ch  meal. 

Our  results  therefore  do  not  confirm  the  finding  of  Powis 
and  Raper  as  r^ards  the  lack  of  influence  of  food  assimilation 
on  creatine  excretion.  The  source  of  urinary  creatine,  in  spite 
of  scores  of  investigations  directed  towards  its  elucidation,  stiU 
remains  obscure.  The  hypothesis  that  the  creatine  of  the  urine 
arises  from  the  creatine  of  muscle  is  an  inviting  theory  but  one 
which  as  yet  lacks  indisputable  proof.  The  acceptance  of  such  a 
theory  would  place  creatine  among  the  metabolism  products  of 
endogenous  origin.  Our  results  make  it  seem  highly  probable, 
however,  that  creatine  is  of  purely  exogenous  origin,  and  that 
its  excretion  is  directly  dependent  on  the  intake  of  food. 


DIRECT  DETERMINATIONS  OF  PERMEABILITT. 

By  R.  p.  WODEHOUSE. 

(ContribtUions  from  the  Bermuda  Biological  Station  for  Reeearch^  No.  60, 
and  from  the  Laboratory  of  Plant  Physiology,  Harvard  University, 

Cambridge,) 

(Received  for  publication,  February  23,  1917.) 

It  is  desirable  to  determine  directly  the  penetration  of  sub- 
stances into  the  living  cell,  but  in  most  cases  this  is  difficult  or 
impossible.  In  order  to  make  such  direct  determinations  it  is 
necessary  to  compare  the  composition  of  the  cell  sap  with  the 
composition  of  the  liquid  in  which  the  cell  is  immersed.  In  the 
case  of  tissues  this  is  impossible,  because  in  crushing  the  cells 
to  obtain  the  cell  sap  the  latter  is  contaminated  by  admixtures  of' 
material  from  the  intercellular  spaces  as  well  as  altered  by  chemi- 
cal action  and  adsorption.  It  is  therefore  necessary  to  employ 
individual  cells  and  to  extract  their  cell  sap  without  opportunity 
for  contamination  or  change. 

Most  cells  are  too  small  to  yield  satisfactory  results  by  this 
method.  The  writer,  however,  has  been  fortunate  in  having  an 
opportunity  to  experiment  with  the  marine  alga  Valoniaf  which 
has  individual  cells  so  large  that  it  is  easy  to  get  from  a  single 
cell  enough  sap  upon  which  to  make  chemical  tests.  Cells  of 
the  average  size  yield  from  1  to  2  cc.  of  sap,  and  it  is  not  imusual 
to  obtain  cells  which  yield  as  much  as  5  cc. 

The  cells  were  removed  from  the  sea  water,  rinsed  in  distilled 
water,  dried  with  filter  paper,  and  then  punctured  with  a  needle. 
On  pressing  the  cell  wall  the  sap  squirted  out  and  was  collected. 
This  sap  is  contained  in  the  large  central  vacuole  of  the  cell 
(or  coenocyte).  » 

Upon  examination  the  cell  sap  was  found  to  differ,  in  most 
cases,  materially  from  sea  water.  The  sap  was  taken  from  a 
few  plants  and  tested  qualitatively  for  the  presence  of  some  of  the 
salts  of  sea  water. 
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As  for  the  metal  ions  of  sea  water,  sodium  could  easily  be  dem- 
onstrated within  the  cell  by  allowing  some  of  the  sap  to  evapo- 
rate on  a  watch-glass  when  crystals  of  sodium  chloride  were  seen 
to  be  formed.  The  presence  of  calcium  was  easily  danon- 
strated.  When  a  saturated  solution  of  ammonium  oxalate  was 
added  to  the  cell  sap  a  white  precipitate  was  produced  which 
was  soluble  in  hydrochloric  acid  but  insoluble  in  acetic  add. 
This  precipitate  was  washed  in  acetic  acid  and  water  and  when 
dissolved  in  a  small  amount  of  hydrochloric  acid  gave  an  unmis- 
takable flame  test  for  calcium. 

A  similar  condition,  however,  was  not  foimd  to  hold  for  mag- 
nesium. In  sea  water  this  can  easily  be  demonstrated  by  precipi- 
tating with  any  of  the  fixed  alkali  hydroxides  (e.g.,  NaOH) 
forming  Mg(0H)2,  which  is  white,  gelatinous,  and  insoluble  in 
excess  of  the  reagent  but  readily  soluble  in  the  presence  of  am- 
monium salts,  and  from  such  solution  can  readily  be  precipitated 
by  the  alkali  phosphates  (e.g.y  NajHPOO  in  the  form  of  mag- 
nesium ammonium  phosphate.  When  this  method  was  tried  on 
the  cell  sap,  however,  only  the  merest  trace  of  a  precipitate  was 
obtained  by  the  addition  of  NaOH  and,  though  this  disappeared 
upon  the  addition  of  ammonium  sulfate,  the  addition  of  disc- 
dium  phosphate  to  the  solution  would  not  cause  the  precipita- 
tion of  any  magnesium  ammoniimi  phosphate.  This  shows  that, 
though  magnesiimi  is  probably  present  within  the  cell,  it  does 
not  exist  in  nearly  as  high  a  concentration  as  in  sea  water. 

Exactly  the  opposite  obtains  in  the  case  of  potassium.  In  sea 
water  the  concentration  of  potassiimi  is  so  low  that  no  precipi- 
tate was  produced  by  the  addition  of  picric  acid,  and  the  dried 
residue  gave  only  a  doubtful  flame  test.  With  the  Vcdonia  sap, 
however,  the  dried  residue  showed  an  abimdance  of  potassium 
by  the  flange  test;  when  picric  acid  was  added  to  the  sap  long 
acicular  crystals  settled  out,  and  when  these  were  dried  and 
touched  with  a  hot  needle  they  detonated,  giving  an  unmistak- 
able potassium-colored  flash,  showing  that  these  crystals,  formed 
Ijy  the  addition  of  picric  acid,  were  potassium  picrate.  Prom 
this  it  is  plain  tbat  there  is  a  considerably  higher  concentration 
of  potassiimi  within  the  cell  than  without. 

The  Valonia  sap  gives  an  abundant  precipitate  with  chloro- 
platinic  acid.    The  solution  was  heated  to  complete  the  reaction 
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and  when  flowed  to  cod,  the  precipitate  fonned  at  room  tem- 
perature and  could  be  only  ali^itly  increased  in  amount  by  cool- 
ing to  zero.  Upon  examination  with  the  microscope  this  pre- 
cipitate was  fomid  to  consist  mostly  of  octahedral  cr3nBtalSy  the 
rest  being  made  up  of  cr3nBtals  of  other  forms  but  obviously  of 
the  same  material  because  similar  crystal  forms  were  found  in 
the  precipitate  in  ibe  control  test  with  chemically  pure  potas- 
sium oxalate.  This  test  seems  to  me  to  be  conclusive  for  the 
presence  of  potassium.  Its  abundance  in  the  sap  is  shown  by  a 
control  test  done  on  the  Bermuda  sea  water.  Keeping  everything 
exactly  the  same  it  was  imponble  to  get  the  potassium  chloro- 
platinate  crystals  to  form  even  by  cooling  down  to  zero.  Small 
crystals  could  be  caused  to  form  only  by  evaporating  the  mixture 
nearly  to  dryness  and  adding  several  volumes  of  absolute  alcohoL 
The  conclusion  arrived  at  from  the  picric  acid  test  is  thus  con- 
finned. 

The  proportions  of  the  four  kations  Xa,  Ca,  Mg,  and  K,  could 
not  be  detennined  quantitatively  on  account  of  the  limited 
amount  of  material  available  at  the  time  when  the  work  was 
done.  This  is  very  important  from  the  viewpoint  of  antagonism 
and  the  author  hopes  to  make  it  the  subject  of  further  investi- 
gation. 

When  the  anions  of  sea  water  were  tested  for  the  presence  of 
chlorides  they  wctc  indicated  in  all  the  tests  made  by  the  copious 
precijHtate  produced  by  the  sap  with  silver  nitrate.  Barium 
chloride,  however,  failed  to  |?ve  any  precipitate  with  the  sap, 
thus  showing  the  absence  of  sulfates.  Nevertheless,  bsirium 
chloride  gave  an  abundant  precipitate  with  the  sea  water  from 
which  the  plants  had  been  taken.  Occadonally  a  cell  wa«  found 
which  showed  the  presence  of  sulfate  in  the  cell  sap  by  the 
barium  chkxide  test.  Upon  further  inve^igation  it  was  fcund 
that  cells  which  were  obviouirly  d*^d  alwa}*?  showed  the  pres- 
ence of  sulfate  and  that  Xho^  which  appeared  to  1^  in  an  un- 
healthy condition  frequ'rntiy  gave  a  positive  t^^.  The  cells 
which  seemed  to  be  h<^thy  rarely  gave  any  precip-hate  at  a2 
with  barium  chloride.  Acc^^riiL^y  the  fallowing  «-er:es  of  te^ts 
was  made  to  dete^^ne  if  the  pr^-^nce  of  sulfate  was  asr^x-liT^-i 
with  death  or  injury  of  the  celi.  On  ho>i:rj5  the  c^.ls  'jp  to  the 
li^t  the  healthy  one?  were  «v-^n  to  have  a  unif.rn.  gre^n  x-:r 
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over  the  entire  surface,  while  cells  which  are  described  below  as  in 
poor  condition  had  a  mottled  appearance,  or  the  protoplasm  ap- 
peared to  be  slightly  shrunken,  or  else  the  cells,  when  held  be- 
tween the  thumb  and  finger,  could  be  felt  to  lack  the  normal 
turgidity. 

In  each  case  the  description  of  the  cell  was  written  down  before 
the  test  was  made,  in  order  to  avoid  subjective  error. 


No. 

Deaeription  of  odl. 

BaCbtaiL 

1 

T^Afgest  cell  found  (over  1  inch  long). 

No  ppt. 

2 

Large,  dead;  protoplasm  dead  and  shrunken. 

Ppt. 

3 

Almost  as  large  as  No.  1;  in  good  condition;  old. 

No  ppt. 

4 

Sm&ll,  average  size,  apparently  healthy. 

M 

5 

«              a              it                tt                     u 

M 

6 

4<                     «                     «                         <4                                it 

a 

7 

«              «              «                 «                     tt 

u 

8 

Large,  but  healthy. 

tt 

9 

Large;  not  in  good  condition  but  apparently  still  alive. 

Ppt. 

10 

Appears  to  be  in  poor  condition,  not  quite  turgid  but 

apparently  still  alive. 

tt 

11 

Much  like  No.  10. 

No  ppt. 

12 

Average  cell  in  good  condition. 

tt 

13 

«          tt    tt      tt           tt 

tt 

14 

Large  and  old  but  in  good  condition. 

u 

15 

Small  cell  apparently  healthy. 

u 

16 

ft       it           it                tt 

Ppt. 

17 

Average  cell  in  good  condition. 

No  ppt. 

18 

An  old  cell  but  apparently  healthy. 

tt 

19 

Normal,  average  size. 

tt 

Besides  these  cells,  which  were  taken  as  nearly  as  possible  at 
random,  thirty-six  other  cells  were  chosen  as  being  imdoubtedly 
healthy,  and  of  these  only  one  showed  the  presence  of  sulfate. 
From  experience  it  is  possible,  by  inspection,  to  be  almost  al- 
ways, though  never  absolutely,  certain  which  cells  are  going  to 
show  the  presence  of  sulfate. 

From  this  it  seems  evident  that  sap  of  live  and  healthy  Valonia 
cells  does  not  cpntain  free  sulfate  in  large  enough  quantities  to 
give  a  visible  precipitate  with  barium  chloride.  It  is  also  equally 
certain  that  when  the  cell  dies  sulfate  enters,  and  it  follows  from 
this  that  the  presence  of  sulfate  in  the  cell  indicates  injury  or 
death,  even  though  no  other  manifestations  are  visible. 
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In  order  to  prelude  the  possibility  that  sulfate  was  pres- 
ent, but  in  some  chemical  or  physical  union  which  prevented  it 
from  reacting  with  bariiun  chloride,  Valonia  sap  which  had  been 
shown  to  give  a  negative  test  with  this  reagent  was  boiled  with 
nitric  acid  of  several  dififerent  concentrations,  in  order  to  break 
up  any  such  possible  imion,  and  tested  again.  In  each  case, 
however,  the  test  for  sulfate  was  n^ative. 

In  order  to  test  the  matter  still  further,  some  of  the  sap  was 
incinerated  in  a  porcelain  crucible.  Upon  incineration  it  showed 
the  presence  of  a  great  deal  of  organic  material,  which  left  a 
deposit  of  carbon,  but  upon  being  boiled  with  HCl  and  incinerated 
again  this  was  removed  and  the  residue  was  completely  soluble 
in  water.  The  sea  water,  on  the  other  hand,  showed  no  organic 
material  and  proved  to  be  largely  insoluble  in  water  after  the  same 
treatment.  The  soluble  part,  however,  gave  a  copious  white 
precipitate  with  bariiun  chloride,  while  the  Valonia  sap  after 
incineration  with  HCl  gave  just  a  trace,  scarcely  enough  to  be 
visible. 

The  conclusion  from  the  above  experiment  is  that  there  is 
little  or  no  sulfate  within  the  vacuole  of  the  normal  Valonia  cell. 
Consequently,  since  there  is  an  abundance  of  sulfate  in  the  sur- 
rounding sea  water,  the  semipermeable  protoplasmic  membrane 
must  possess  a  selective  permeability  which  renders  it  imperme- 
able to  sulfate  as  long  as  it  is  alive.  This,  however,  is  lost 
immediately  upon  death. 

It  is  of  course  possible  that  sulfate  may  penetrate  the  outer 
plasma  membrane  into  the  protoplasm  without  being  able  to 
penetrate  the  vacuole  membrane  into  the  vacuole,  but  upon  this 
point  the  experiment  throws  no  light. 

In  order  to  test  for  permeability  to  nitrates,  some  cells  were 
placed  in  sea  water  to  which  enough  potassium  nitrate  had  been 
added  to  give  a  good  nitron  test.  After  24  hours  the  cells  were 
still  alive  (they  remained  alive  for  several  day^  when  replaced 
in  sea  water)  and  showed  the  presence  of  nitrate  within  by  the 
nitron  test.  The  same  was  true  of  sodium  nitrate.  But  it  ap- 
peared upon  examination  that  the  control  cells  in  normal  sea 
water  also  showed  the  presence  of  nitrates  by  the  nitron  test. 
Sea  water  did  not  show  the  presence  of  nitrate  by  the  nitron  test. 
It  is  therefore  evident  that  the  nitrates  within  the  cell  must  have 
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penetrated  through  the  plasma  membrane,  but  this  may  have 
taken  place  wholly  or  in  part  before  the  nitrates  were  added  to  the 
sea  water. 

The  mechanism  by  which  nitrates  and  potassiimi  are  stored 
within  the  cell  so  as  to  remain  at  a  higher  concentration  than  in 
the  surroimding  sea  water  deserves  further  study. 

It  is  of  interest  that  the  cell  wall  acts  as  an  osmotic  membrane 
but  possesses  no  selective  permeability.  Dead  cells  are  often 
turgid  even  though  the  protoplasm  has  shrunken  away  from  the 
cell  wall.  These  cells  when  put  into  a  hypertonic  salt  solution 
almost  immediately  become  flaccid,  and  when  replaced  in  sea 
water  or  in  fresh  water  they  again  become  turgid.  However, 
if  dead  cells  are  placed  in  water  containing  nitrates,  nitrate  can 
be  demonstrated  within  them  shortly  afterwards.  If  living  cells 
are  killed  and  then  replaced  in  sea  water,  sulfate  can  soon  be 
shown  to  be  present  inside.  This  shows  that  salts  can  pass  more 
or  less  freely  through  the  cell  wall  and  yet  it  ofifers  sufScient 
obstruction  to  enable  it  to  act  as  an  osmotic  membrane. 

• 

The  writer  takes  pleasure  in  expressing  his  thanks  to  Professor 
E.  L.  Mark  for  the  use  of  the  facilities  of  the  Bermuda  Biological 
Station,  where  this  investigation  was  made,  to  Professor  W.  J. 
V.  Osterhout  for  his  interest  in  the  problem  and  many  helpful 
suggestions,  and  to  an  unknown  friend  who  assisted  in  bearing 
the  expenses  of  the  Bermuda  trip. 
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Bt  GEORGE  D.  BARNETT. 
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(Received  for  publication,  February  3,  1917.) 

Ill  connection  with  the  study  of  the  ammonia  poisoning  which 
occurs  in  rabbits  following  the  administration  of  large  doses  of 
urea,  the  problem  of  determining  anmionia  in  small  quantities 
of  body  fluids  has  recently  come  up  in  this  laboratory,  and  cer- 
tain refinements  in  the  micro-titration  of  ammonia  have  been 
introduced.  Our  procedure  differs  from  the  usual  aeration- 
titration  method  only  in  the  use  of  an  accurate  microburette, 
0.005  N  alkali,  and  in  a  few  details  of  titration,  but  it  seems  to 
offer  certain  advantages  where  the  total  quantity  of  anmionia 
available  is  very  small,  as  in  blood  and  tissue  ammonia  determi- 
nations, and  in  serial  determinations  of  blood  urea  in  small 
laboratory  animals. 

Method. 

10  cc.  of  the  solution  to  be  investigated  (containing  less  than 
0.75  mg.  of  ammonia  per  100  cc.)  are  placed  in  a  large  test-tube 
(22x380  mm.)  and  10  cc.  of  saturated  potassium  carbonate 
solution  added.  The  trace  of  ammonia  present  in  the  potassium 
carbonate  solution  should  be  removed  by  prolonged  aeration  of 
the  stock  bottle.  Even  with  test-tubes  of  this  depth  a  very 
small  amount  of  alkaline  ''spray"  will  pass  over  into  the  ab- 
sorption tube,  but  this  can  be  prevented  by  interposing  a  short 
tube  containing  a  loose  plug  of  cotton,  as  suggested  by  FoUn.* 
For  absorption  tubes  we  use  still  larger  test-tubes  (30  x  410  mm.) 
containing  an  accurately  measured  volume  Qess  than  0.5  cc.)  of 
0,01  N  hydrochloric  acid  in  about  15  cc.  of  distilled  water.    This 

»Folin,  O.,  Z.  physiol.  Chem.,  1902-03,  xxxvii,  161. 

459 


460  Micro-Titration  of  Ammonia 

acid  is  measured  from  an  automatic  capillary  pipette  connected 
with  a  small  stock  bottle.,  If  kept  in  seasoned  glass  the  de- 
terioration of  this  weak  acid  (and  also  of  the  alkali)  is  inap- 
preciable over  a  period  of  a  few  weeks.  The  advantage  in  the 
tise  of  deep  absorption  tubes  is  the  entire  absence  of  loss  by 
spattering,  even  with  vigorous  aeration.  An  aeration  rate  of  5 
liters  per  minute  for  20  minutes  is  satisfactory.  We  have  found 
it  of  advantage  in  maintaining  a  steady  air  current  to  use  a  simple 
water  bottle  manometer  calibrated  in  liters  per  minute  by  the 
method  of  Kober  and  Graves,^  and  connected  to  the  distal  end 
of  the  system  which  is  being  aerated. 

If  the  absorption  tubes  are  not  of  Jena  or  some  "non-soluble" 
glass,  a  slight  correction  must  be  made  for  the  alkali  dissolved 
during  the  aeration.  This  correction  is  readily  determined  by 
passing  the  same  air  current  through  a  sample  of  acid,  and  is 
constant  for  a  given  technique.  In  our  tubes,  and  with  the 
technique  here  given  it  amounts  to  0.01  cc.  of  0.005  n  acid. 

Titration  of  the  excess  acid  is  carried  out  in  the  absorption 
tixhe  without  removal  of  the  aeration  tube,  a  gentle  current  of 
air  being  passed  through  the  acid  for  the  purpose  of  stirring. 
0.005  N  alkali  is  run  in  from  a  1  cc.  microburette,  made  from  a 
1  cc.  pipette  graduated  in  himdredths  and  accurately  calibrated. 
The  tip  of  the  burette  is  drawn  out  to  deb'ver  a  drop  of  0.01  cc. 
or  less.  Using  methyl  red  as  an  indicator  (four  drops  of  a  satu- 
rated solution  in  70  per  cent  alcohol)  a  sharp  end-point  is  readily 
obtained  with  half  a  drop  (0.005  cc.)  of  the  0.005  n  alkali.  A 
fixed  end-point  is  used  for  comparison,  and  sharper  results  are 
obtained  if  the  color  of  the  end-point  is  chosen  where  the  pink 
color  of  the  indicator  just  begins  to  show  traces  of  yellow.  For  a 
fixed  end-point  we  use  a  sodium  acetate-acetic  acid  mixtiure.  It 
is  also  of  extreme  importance  to  avoid  the  use  of  water  con- 
taining carbon  dioxide.  Water  from  our  laboratory  Stokes  still 
cannot  be  used  at  all  unless  boiled  or  redistilled  over  lime. 

When  the  end-point  is  neared  the  stirring  tube  is  removed, 
being  carefully  washed  down  by  means  of  water  from  a  bulb 
wash  bottle;  not  from  a  bottle  blown  hy  mouth,  on  account 
of  the  carbon  dioxide,  nor  from  a  shelf  bottle,  on  accoimt  of 

'  Kober,  P.  A.,  and  Graves,  S.  A.,  J,  Am,  Chem,  Soc,,  1913,  xxxv,  1594. 
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the  alkali  of  the  rubber  tulnng.  The  inside  ci  the  titraticm  tube 
is  then  ¥rashed  down,  the  volume  made  up  to  25  cc.,  or  any  con- 
venient small  end-vdiume,  as  long  as  all  samides  are  the  same, 
and  the  titration  completed,  adding  the  alkali  in  successive 
amounts  of  0.005  cc.  and  shaking  or  stirring  gently  before  com- 
parison with  the  fixed  end-ixnnt. 

Ten  consecutive  analyses  of  a  solution  of  anunonium  sulfate 
containing  0.12  mg.  of  NHs  per  100  cc.  gave  results  as  follows: 


1. 

0.12 

2. 

0.12 

3. 

0.12 

4. 

0.12 

5. 

0.11 

6. 

0.12 

7. 

0.11 

8. 

0.12 

9. 

0.11 

10. 

0.12 

We  have  applied  the  method  to  the  determination  of  ammonia 
in  oxalated  human  blood  in  a  few  normal  cases.  Since  Med- 
wedew^  in  1911  called  attention  to  the  rapid  formation  of  am- 
monia in  shed  blood  it  has  been  recognized  that  the  figures  for 
blood  anunonia  ^ven  by  earlier  investigators  are  much  too  hi^. 
Probably  none  of  the  results  represent  the  actual  preformed 
ammonia  present  in  the  circulating  blood,  but  are  largely  merely 
a  measure  of  the  extent  to  which  the  labile  anunonia-yielding 
bodies  of  the  blood  have  been  disintegrated.  The  results  least 
open  to  critidsm  in  this  r^ard  are  those  of  Rohde,^  who  with 
the  vividiffusion  method  found  in  the  dialysate  in  equilibriimi 
with  dog  blood  0.18  mg.  of  anunonia  nitrogen  per  100  cc.  (=  0.19 
mg.  of  NHa). 

As  far  as  hiunan  blood  is  concerned,  no  means  of  overcoming 
the  diflBiculty  has  been  devised,  and  the  best  we  can  do  is  to 
minimize  the  error  from  the  ammonia  increase  by  beginning  the 
aeration  as  soon  as  possible  after  the  blood  is  drawn,  and  com- 
pleting the  analysis  as  rapidly  as  possible.  The  aeration  methods 
of  Folin  have  greatly  facilitated  such  determinations.  The  onlj' 
figures  we  have  found  for  normal  hxmian  blood  published  since 
the  importance  of  rapid  methods  has  been  realized  are  those  of 
Gettler  and  Baker,*  who  in  a  series  of  thirty  cases,  using  the 

*  Medwedew,  A.,  Z.  physiol.  Chetn.^  1911,  Ixxii,  410, 

*  Rohde,  A,  /.  Biol.  Chem.,  1915,  xxi,  325. 

» Gettler,  A  O.,  and  Baker,  W.,  /.  Biol.  Chem.,  1916,  xxv,  211. 
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method  of  Folin  and  Denis,*  found  0.4  to  0.75  mg,  of  ammonia 
nitrogen  per  100  cc.  ( =  0.42  to  0.79  mg.  of  NHs).  It  will  be  noted 
that  these  figures  are  about  ten  times  those  given  here.  Our 
aeration  has  been  begim  within  1  to  2  minutes  after  drawing  the 
blood.  In  order  to  emphasize  the  importance  of  this,  figures 
obtained  from  aeration  of  samples  of  the  same  blood  begun  after 
30  minutes  are  given.  It  will  be  seen  that  the  anuuonia  obtained 
is  two  or  three  times  that  of  the  samples  aerated  immediately. 


Ammonia  Found  in  Oxalated  Human  Blood. 

• 

No. 

Aeration  begun 
within. 

NH«  per  100  oc. 

Aeration  beiun 
within. 

NUaperlOOec 

min. 

mg. 

mtn. 

mg. 

1 

1 

0.05 

2 

2 

0.00 

30 

0.07 

3 

2 

0.04 

30 

0.15 

4 

li 

0.03 

30 

0.10 

5 

2i 

0.04 

30 

0.08 

SUMMARY. 

1.  Modifications  of  the  aeration-titration  method  of  determin- 
ing ammonia  are  described,  for  use  with  small  amounts  of  fluids 
of  low  ammonia  content. 

2.  Figures  are  given  for  ammonia  obtained  from  fresh  oxalated 
blood  in  five  normal  individuals. 


•  Folin,  O.,  and  Denis,  W.,  /.  BioL  Chem,,  1912,  xi,  532. 
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m.  THE  INFLUENCE  OF  BILE  DERIVATIVES  IN  BLOOR'S 
CHOLESTEROL  DETERMINATION.* 

Preliminart  Report. 

By  GEORGINE  LUDEN. 

(From  the  Mayo  Foundation  for  Medical  Education  and  Research,  Rochester , 

Minn,) 

(Received  for  publication,  February  23,  1917.) 

The  main  object  of  the  following  communication  was  to  deter- 
mine whether  bile  derivatives  were  capable  of  giving  the  Liebet- 
mann  reaction  in  the  absence  of  cholesterol,  and  whether  their 
color  reaction  could  be  destroyed  by  the  use  of  sodium  ethylate 
under  conditions  similar  to  those  in  Bloor's  cholesterol  deter- 
mination. 

The  origin  of  the  "brownish  tint,"  well  known  to  all  who  have  made 
blood  cholesterol  detenninations,  and  the  relative  merits  of  colorimetric 
and  gravimetric  methods  for  the  determination  of  cholesterol  have  been 
repeatedly  discussed  (Bloor  (2,  3,  4),  Mueller,  Weston).  It  will  be  remem- 
bered that  Bloor,  in  the  first  publication  of  his  new  method  (2),  specially 
mentions  the  addition  of  sodium  ethylate  to  the  ether-alcohol  extract  of 
the  blood  before  evaporation,  and  that  he  left  out  the  sodium  ethylate  in 
his  modification  of  this  method  (3).  For  brevity,  I  shall  refer  to  Bloor's 
original  method  as  Bloor  I  and  to  its  modification  as  Bloor  II.  The  com- 
ments of  Mueller  on  the  Bloor  method  for  cholesterol  determination  and 
Bloor  and  Knudson's  reply  (4)  to  these  comments  both  refer  to  the  Bloor 
II  method  only.  Mueller's  conclusions  were  that  the  values  obtained  by 
the  Bloor  method  were  increased  by  "other  ether-alcohol-  and  chloroform- 
soluble  substances''  that  were  not  cholesterol;  that  oxycholesterol  might 
be  among  these  substances;  but  that  our  knowledge  of  oxycholesterol 
is  too  indefinite  to  warrant  positive  conclusions.  Bloor  and  Knudson 
claimed  to  show  by  a  new  procedure  that  there  were  either  no  other  sub- 
stances in  the  blood  plasma,  or  that  they  behaved  like  ordinary  cholesterol 
when  treated  with  digitonin. 

•  Study  I,  /.  Lab,  and  Clin.  Med.,  1916,  i,  662;  Study  II,  J.  Biol.  Chem,, 
1916,  xxvu,  273. 
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In  connection  with  these  statements  a  number  of  observations  made  by 
the  writer  since  May,  1916,  on  a  series  of  748  parallel  determinations  'with 
the  Bloor  I  and  II  methods  may  be  of  interest.  The  series  comprises  374 
different  blood  samples  including  the  blood  of  patients  suffering  from 
various  diseases,  the  writer's  blood  in  various  experiments  on  nutrition, 
and  the  blood  of  goats  used  in  an  experiment  that  has  already  been  pub- 
lished in  part  (11).  It  does  not  include  the  400  blood  samples  mentioned 
in  the  latter  publication.^  It  was  foimd  that  in  more  than  100  specimens 
giving  approximately  normal  cholesterol  values,  the  difference  between  the 
Bloor  I  and  II  tests  ranged  from  0.050  to  0.070  mg.,  but  in  a  group  of 
samples  derived  from  patients  suffering  from  biliary  disturbances,  with 
and  without  icterus,  it  increased  from  0.090  to  0.280  mg.  The  highest 
value  with  the  Bloor  II  test  was  found  in  the  blood  of  a  highly  icteric 
patient  and  the  deduction  seemed  admissible  that  it  might  be  due  to  the 
presence  of  bile  derivatives  which  the  Bloor  I  tests  had  eliminated  by  Uie 
use  of  sodiiun  ethylate* 

Bile  acids  do  not  give  the  Liebermann-Bxirchard  reaction  (6, 
8)  but  it  seemed  possible  that  a  combination  of  bile  pigments  and 
bile  acids  such  as  is  often  foimd  in  icteric  blood,  and  usually  in 
gall-stones,  might  create  conditions  favorable  for  the  reaction. 
The  residue  of  gall-stones  from  which  the  cholesterol  had  been 
thoroughly  extracted  (eleven  successive  extractions  with  boiling 
alcohol  on  the  water  bath)  was  therefore  selected  for  investiga- 
tion. This  residue  dissolved  readily  in  chloroform  with  the  ex- 
ception of  a  black,  dust-like  sediment.  The  latter  was  collected 
on  filter  paper,  dried  at  room  temperature,  and  used  as  the  start- 
ing point  for  the  experiments.  It  was  dissolved  in  2  per  cent 
ammonia  water  and  shaken  out  with  pure  chloroform  in  a  sepa- 
ratory  funnel.  The  chloroform  was  tested  for  cholesterol  and 
remained  colorless;  however,  as  a  measure  of  precaution,  the 
operation  was  repeated  three  times.  The  third  amount  of 
chloroform  having  been  drawn  off  completely,  the  aqueous  alka- 
line solution  of  the  black  sediment  was  acidified  drop  by  drop 
with  concentrated  hydrochloric  acid  and  again  shaken  out  with 
fresh  chloroform.  The  latter  assumed  a  deep  yellow  tone,  and 
on  addition  of  the  Liebermann  reagents  (2  cc.  of  acetic  anhydride 
and  0.1  cc.  of  concentrated  sulfuric  acid  to  a  6  cc.  portion  of  the 
chloroform  solution)  gave  a  vivid  green  reaction  such  as  is  found 
only  in  strong  cholesterol  solutions;  i.e.,  1  mg.  to  1  cc.  of 
chloroform. 

*  Luden  (11),  p.  293,  footnote  2. 
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The  amount  of  black  sediment  dissolved  in  the  ammonia  water 
had  been  extremely  small — only  as  much  as  could  be  held  on  the 
point  of  a  small  scalpel — since  the  entire  yield  of  black  sediment 
had  not  exceeded  150  mg.  and  it  had  been  necessary  to  make  a 
great  number  of  experiments  before  the  most  suitable  method  of 
extraction  had  been  found.  An  equally  great  number  of  experi- 
ments, in  which  sodium  and  potassium  hydroxide  had  been 
used  as  solvents,  had  resulted  in  failure,  showing  that  the  rela- 
tive alkalinity  of  the  solvent  was  not  without  importance. 

The  color  reaction  obtained  with  the  yellow  chloroform  ex- 
tract of  the  bile  derivatives  must  be  considered  a  true  Lieber- 
mann  reaction  since  it  was  produced  by  identical  proportions 
of  the  same  reagents  used  for  cholesterol  tests. 

The  absence  of  cholesterol  in  the  yellow  chloroform  extract 
may  be  deduced  from:  (a)  the  insolubility  of  the  black  sediment  in 
chloroform;  (6)  its  solubility  in  ammonia  water;  (c)  the  repeated 
extraction  of  the  aqueous  alkaline  solution  with  pure  chloro- 
form, which  gave  no  Liebermann  reaction  although  the  proced- 
ure was  practically  identical  with  that  of  Autenrieth;  and  (d) 
the  method  by  which  the  yellow  chloroform  extract  giving  the 
Liebermann  reaction  had  been  obtained,  a  method  similar  to 
that  used  for  the  recovery  of  bilirubin  (15),  urobilin  (16),  and 
cholic  acid  (21).  It  ha^  therefore  been  demonstrated  that  a 
positive  Liebermann  reaction  may  be  obtained  from  a  mixture 
of  bile  derivatives  in  chloroform  solution  in  the  definite  absence 
of  cholesterol. 

Windaus  (20)  states  that  Liebermann's  cholesterol  reaction  is 
characterized  by  a  sequence  of  brilliant  colors,  vivid  pink,  blue, 
ai^d  dark  green.  This  color  reaction  could  be  observed  in  all  of 
these  bile  derivative  solutions  even  when  they  contained  as 
little  as  0.020  mg.  in  6  cc.  of  chloroform,  but  I  have  been  unable 
to  find  any  trdce  of  the  pink  or  the  blue  stage  of  the  reaction  in 
cholesterol  solutions  such  as  are  commonly  used  for  blood  cho- 
lesterol determinations  (0.4  mg.  in  6  cc.  or  0.5  mg.  in  5  cc.  of 
chloroform).  Since  only  the  green  stage  of  the  reaction  can  be 
seen  in  cholesterol  solutions  of  the  ^bove  concentration,  it  was 
decided  to  ascertain  how  great  the  concentration  of  cholesterol 
solutions  would  have  to  be,  the  usual  proportions  of  the  reagents 
being  maintained,  in  order  to  show  the  color  sequence  described 
by  Windaus.     It  was  found  that  neither  the  pink  nor  the  blue 
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stage  could  be  observed  in  cholesterol  solutions  exceeding  the 
concentration  of  standard  tests  from  10  to  400  times  (Table  I). 
Nor  could  the  color  sequence  described  by  Windaus  be  made 
visible  by  using  one-half  or  one-quarter  of  the  amount  of  the 
reagents. 

For  brevity,  the  bile  derivative  solutions  used  in  my  experi- 
ments will  be  referred  to  as  "pigment  solutions"  and  the  uniform 
solution  with  which  the  following  tests  were  made  as  "Rgmeiit 
28  solution."  The  latter  contained  0.2  mg.  of  bile  derivatives 
in  every  6  cc.  of  chloroform. 

TABLE  I. 

Color  Reactions  in  Cholesterol  Solutions,* 

Test  1. — 6  cc.  of  our  stock  solution,  namely,  6  mg.  of  cholesterol  in  6 
cc.  of  chloroform;  usual  reagents  added. 

Reaction, — ^The  colorless  solution  becomes  dsLrk  green  in  a  few  seconds; 
no  trace  of  the  pink  or  the  blue  stage. 

Test  M. — 10  mg.  of  cholesterol  in  6  cc.  of  chloroform;  usual  reagents 
added. 

Reaction. — Identical  with  Test  1,*  except  that  the  green  color  appears 
almost  black. 

Test  S, — 15  mg.  of  cholesterol  in  6  cc.  of  chloroform;  usual  reagents 
added. 

Reaction. — The  blue  stage  appears  for  a  few  seconds  only  and  is  blotted 
out  by  the  density  of  the  green  stage.  The  solution  appears  black;  its 
green  tone  can  be  recognized  only  in  a  very  strong  light. 

Test  4. — 200  mg.  of  cholesterol  dissolved  in  6  cc.  of  chloroform;  usual 
reagents. 

Reaction. — ^As  the  sulfuric  acid  is  added,  its  progress  towards  the 
bottom  ol  the  test-tube  is  shown  by  a  streak  of  purple-violet,  but  the 
next  second  the  whole  of  the  solution  has  turned  black-green.  Its  green 
color  can  be  recognized  only  near  the  top  edge  by  shaking  the  test-tube. 

*  The  standard  cholesterol  solution  used  in  all  our  blood  cholesterol 
determinations  contains  0.4  mg.  of  cholesterol  in  6  cc.  of  chloroform.  It 
is  made  up  from  a  stock  solution  containing  200  mg.  of  cholesterol  (Merck) 
in  200  cc.  of  chloroform. 

Both  standard  and  stock  solutions  are  sealed  with  paraffin  and  kept  on 
ice  when  not  in  use,  in  order  to  prevent  any  evaporation  of  the  chloroform; 
the  latter  would  increase  their  concentration,  thereby  affecting  the  ac- 
curacy of  the  tests. 

Standardized  graduated  pipettes  are  used  in  all  our  tests  in  preference 
to  graduated  cylinders,  since  the  latter  often  vary  slightly  and  give  less 
accurate  results  in  consequence. 
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Apart  from  the  color  sequence  referred  to  above,  the  pigment 
solutions  showed  the  following  peculiarities,  which  distinguished 
them  from  pure  chol^terol  solutions:  (a)  Their  reaction  was 
much  slower  than  that  of  cholesterol;  (6)  the  green  stage  of  the 
reaction  was  olive-green,  as  compared  with  the  emerald-green  of 
pure  cholesterol;  (c)  the  green  stage  persisted  unchanged  from 
three  to  four  times  as  long  as  the  cholesterol  green  in  solutions  of 
equal  strength;  and  (d)  colorimetric  determinations  showed  that 
the  color  value  of  the  green  stage  was  only  a  little  over  one-half 
of  the  chol^terol  green  in  solutions  of  equal  concentration,  al- 
though, owing  to  the  difference  in  tone,  it  appeared  to  be  greater 
in  the  test-tube.  In  reference  to  these  peculiarities  the  term 
"bile-green  reaction"  in  the  Liebermann  test  is  tentatively 
si^gested  for  the  color  reaction  of  these  cholesterol-free  bile 
derivatives. 

A  series  of  observations  and  systematic  tests  proved  that  the 
usual  chol^terol  standard  test  (0.4  mg.  of  cholesterol  in  6  cc.  of 
chloroform)  reached  its  maximum  color  value  at  room  temperature 
(20-22**C.)  in  5  to  6  minutes,  and  maintained  it  for  approximately 
30  minutes;  that  the  test  lost  one-third  of  its  color  value  in  80 
minutes  and  became  colorless,  i.e.,  pale  yellow,  in  6  to  7  hours. 
On  the  other  hand,  pigment  solutions  of  identical  concentration 
reached  their  maximum  color  value  in  190  minutes  and  remained 
unchanged  for  at  least  24  hours.  A  record  was  kept  of  the 
exact  time  at  which  the  reagents  were  added  to  the  tests  and 
revealed  the  length  of  the  duration  of  the  pink,  blue,  and  green 
stipes  of  the  reaction  in  the  pigment  solutions  at  a  room  tem- 
perature of  20-22®C.  (Table  II).  In  every  instance  freshly 
made  "ripe"  standard  tests  not  more  than  20  minutes  old  were 
used  for  comparison.  The  advantage  of  making  cholesterol  de- 
terminations at  room  temperature  rather  than  at  a  temperature 
of  35-37**C.  has  been  discussed  (11).  Previous  observations  on 
the  rapid  reaction  found  in  many  pathologic  blood  samples  have 
been  fully  corroborated  by  subsequent  findings. 
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TABLE  II. 

Color  Reactions  in  Pigment  Solutions. 

2  cc.  of  acetic  anhydride  and  0.1  cc.  of  concentrated  sulfuric  acid  added 
to  each  6  cc.  test.    Room  temperature  20-21  **€. 

l^est  1, — 1.2  mg.  in  6  cc.  of  chloroform.  Pigment  28  solution  undiluted 
(three  tests). 

Reaction, — ^The  test  solution  turns  bright  reddish  pink  immediately. 
The  pink  color  lasts  for  20  minutes.  The  test-tube  is  plunged  in  very  hot 
water  for  a  few  seconds.  The  blue  stage  of  the  reaction  appears,  but  has 
a  dirty  violet-blue  tone.  It  is  followed  in  3  to  4  minutes  by  the  green 
stage,  intense  olive-green,  which  seems  to  be  as  dark  as,  if  not  darker 
than,  cholesterol  green  of  equal  strength  in  the  test-tube. 

Color  Value. — After  30  minutes  equal  to  0.500  mg.  cholesterol.  (Stand* 
ard  cholesterol  test*  0.400  mg.) 

After   6  hours      "       "  0.666    "  " 

«      24    "  "       "  0.666    "  " 

"      48    "  "       "  0.666    "  " 

"      72    "        faded  to  a  dirty  brown. 

Test  t. — 0.400  mg.  in  6  cc.  of  chloroform  (five  tests). 
Reaction, — ^The  test  solution  turns  bright  vivid  pink  inmiediately. 
The  pink  color  lasts  for  6  to  7  minutes.    Dirty  violet  tone  for  3  to  4  min- 
utes.   Olive-green. 

Color  Value, — After  20  minutes  equal  to  0.180  mg.  cholesterol.  (Stand- 
ard cholesterol  test  0.400  mg.) 

After    Ihour  "      "  0.200    "  " 

"        3  hours         "      "  0.200    "  " 

u      24    "  "      "  0.222    "  " 

"      48    "  faded   to   a   dirty  brown.     (Standard 

cholesterol  test  fades  to  dirty  yellow  in  6  hours.) 

Test  S. — 0.120  mg.  in  6  cc.  of  chloroform  (three  tests). 
Recu:tion, — ^Vivid  pink  for  5  minutes.    Intermediate  stage  hard  to  de- 
fine.    Green  in  10  minutes. 

Color  Value. — After  30  minutes  equal  to  0.060  mg.  cholesterol.  (Stand- 
ard cholesterol  test  0.400  mg.) 

After   3  hours        "       "  0.056  "  " 

"      24     "         faded  to  dirty  yellow. 

Test  4, — 0.080  mg.  in  6  cc.  of  chloroform  (three  tests). 
Reaction, — Clear  pale  pink  for  3  minutes.    Intermediate  color  cannot 
be  recognized.    Clear  but  light  olive-green  in  6  to  8  minutes. 

Color  Value. — After  30  minutes  equal  to  0.050  mg.  cholesterol.  (Stand- 
ard cholesterol  test  0.400  mg.) 

After    3  hours  "     "  0.040    "  " 

"       24     "         faded  to  pale  dirty  yellow. 

*A  newly  made  "ripe**  standard  was  used  for  every  determinatioD, 
and  for  every  test  the  Duboscq  colorimeter  was  set  at  10.0  mm. 
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TABLE  n — Concluded. 

Test  5. — 0.040  mg.  in  6  co.  of  chloroform  (three  tests).  (Standard 
cholesterol  test  0.400  mg.) 

Reaeiion. — Clear  pale  pink;  then  pale  olive-green  which  lasts  for  about 
3  hours. 

Color  Value, — Cannot  be  determined  as  the  test  looks  gray  in  the 
colorimeter  when  compared  with  the  emerald-green  standard,  although 
its  color  is  clear  pale  green  in  the  test-tube. 

Teei  6. — 0.020  mg.  in  6  cc.  of  chloroform  (three  tests).  (Standard 
cholesterol  test  0.400  mg.) 

Reaction. — Faint  but  distinct  pink;  then  very  pale  olive-green  lasting 
about  1  hour. 

Color  FoZtie. — Cannot  be  determined,  for  the  same  reasons  as  in  Test  5. 
The  green  color  is  also  clearly  visible  in  the  test-tube. 

In  order  to  study  the  effects  of  sodium  ethylate  on  the  cholesterol- 
free  bil6  derivatives  under  conditions  parallel  to  those  found  in 
the  Bloor  method,  the  following  experiments  were  made: 

The  chloroform  of  a  portion  of  the  Kgment  28  solution  was 
evaporated  and  the  orange-colored  residue  extracted  with  ether- 
alcohol  in  the  mttnner  described  by  Bloor  for  blood  samples. 
One  portion  of  the  ether-alcohol  extract  was  treated  according 
to  the  Bloor  I  method,  with  sodium  ethylate,  and  the  other 
according  to  the  Bloor  II  method,  without  sodium  ethylate. 
Overheating  was  carefully  avoided  during  evaporation.  After 
the  usual  extraction  of  the  residue  with  chloroform,  the  Bloor  I 
test  was  colorless  and  remained  colorless  when  the  usual  reagents 
were  added,  even  when  the  test  was  warmed.  The  Bloor  II 
chloroform,  on  the  contrary,  was  deep  yellow  and  on  the  addi- 
tion of  the  reagents  gave  the  brilliant  bile-green  reaction  already 
described.  The  experiment  was  repeated  four  times  and  gave 
identical  results  in  every  instance.  Parallel  tests  made  with 
pure  cholesterol  solutions  treated  in  exactly  the  same  way  gave 
positive  liebermann  reactions  both  with  the  Bloor  I  and  the 
Bloor  II  methods.  A  slight  loss  of  color  value  occurred  in  the 
pigment  as  well  as  in  the  cholesterol  control  tests.  In  the  latter 
it  was  so  small  that  it  may  be  considered  merely  technical;  0.233 
and  0.572  mg.  of  cholesterol  were  recovered  when  0.240  and 
0.600  mg.  had  been  used  respectively.  In  the  former  the  loss 
was  somewhat  greater,  but  the  factors  which  caused  it  cannot 
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be  considered  at  present.    The  experiments  showed  conclusively, 
however,  that  the  color  reaction  of  cholesterol-free  bile  deriva- 
tives can  be  destroyed  by  sodium  ethylate,  whereas  that  of  true 
cholesterol  is  not  similarly  affected.    It  should  be  added  that  the 
bile  derivatives  were  readily  soluble  in  ether,  alcohol,  chloroform, 
and  petroleum  ether  (14),  but  that  a  precipitate  was  formed 
whenever  sodium  ethylate  was  added  to  the  chloroform  solution, 
whereas  in  the  other  solvents  precipitation  was  barely  percept- 
ible.   The  bile-green  tyi>e  of  Liebermann  reaction  could  be  ob- 
tained also  with  the  usual  reagents  from  the  opaque  residue  left 
in  the  beakers  used  for  the  Bloor  I  tests  after  chloroform  extrac- 
tion by  dissolving  the  residue  in  acid  chloroform.    These  find- 
ings seem  to  support  the  deduction  that  the  formation  of  a 
chloroform-insoluble  sodium  salt  of  bile  derivatives  may  account 
for  the  difference  observed  in  the  Bloor  I  and  Bloor  II  samples, 
and  that  the  potassium  salts  of  these  substances  may  be  more 
readily  soluble  in  chloroform,  especially  in  the  presence  of  water. 
The  occurrence  of  the  brownish  color  in  some  of  the  Autenrieth 
tests    and    Mueller's^    observations    might    also    be    explained 
thereby. 

Although  these  experiments  showed  that  the  color  reaction  of 
bile  derivatives  obtained  from  gall-stones  can  be  destroyed  by 
sodium  ethylate,  it  remained  to  be  proved  that  closely  allied  or 
identical  bodies  were  responsible  for  the  high  values  found  in 
icteric  blood  by  the  Bloor  II  method.  The  isolation  of  the  bile 
derivatives  in  icteric  blood  proved  extremely  difficult,  probably 
owing  to  the  relatively  small  quantities  in  which  they  are  present. 
Thirty  attempts  to  isolate  them  were  imsuccessful.  It  is  pos- 
sible that  these  failures  may  be  explained  by  the  observations  of 
Hoover  and  Blankenhom  on  ''dissociated  jaimdice"  and  that  sev- 
eral of  the  samples  used  in  my  experiments  contained  only  bile 
acids.    However,  there  may  be  other  reasons  connected  with  the 

'  The  brownish  color  does  not  appear  in  every  sample  treated  by  the 
Autenrieth  method,  and  I  am  unable  to  agree  with  Mueller's  statemeoi 
that  it  is  "invariably  present"  in  Bloor  11  tests.  On  the  contrary,  one- 
third  of  our  determinations  gave  a  brilliant  green  reaction  that  could  be 
matched  easily  with  the  standard  solution.  Tests  made  by  the  Bloor  I 
method  always  gave  a  perfect  match. 
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various  stages  of  oxidation  described  by  Lifschtitz  (6-10)  but  these 
cannot  be  discussed  at  present.' 

At  last  a  simple  method  was  foimd  by  which  the  bile  deriva- 
tives of  icteric  blood  could  be  isolated:  6  cc.  of  icteric  blood  were 
extracted  with  ether-alcohol  according  to  the  Bloor  method. 
The  extract  was  partly  evaporated  at  room  temperature.  The 
remaining  portion  of-  the  solvent,  in  which  cholesterol  crystals 
could  be  observed  microscopically,  was  poured  oflf.  A  black 
crust-like  ring  which  had  formed  where  the  liquid  receded  dur- 
ing evapK)ration  was  dissolved  in  2  per  cent  anunonia  water,  and 
the  aqueous  alkaline  solution  filtered,  acidified,  and  shaken  out 
with  chloroform.  The  chloroform  assumed  a  yellow  tone  and 
gave  the  bile-green  type  of  Liebermann  reaction.  The  bile 
derivatives,  in  this  specimen  of  icteric  blood  at  least,  must  there- 
fore have  been  closely  allied,  if  not  identical  with  the  cholesterol- 
free  bile  derivatives  obtained  from  gall-stones.  The  difference 
between  the  Bloor  I  and  Bloor  II  tests  of  this  sample  had  been 
0.280  mg.  in  the  colorimetric  determination  for  blood  cholesterol. 

A  test  devised  by  Lifschtitz^  for  the  differentiation  between 
oxycholesterol  and  oxidized  cholic  acid  proved  of  great  value  in 
establishing  the  identity  of  the  bile  derivatives  in  question. 
This  test  will  be  referred  to  as  Lifschtitz'  "differential  test."  It 
is  based  on  the  relative  solubility  of  oxycholesterol  and  oxidized 
cholic  acid  in  chloroform  and  glacial  acetic  acid,  and  should  not 
be  confoimded  with  the  oxycholesterol  color  reaction.  Lif- 
schOtz  states  that  the  oxycholesterol  color  reaction  can  be  ob- 
tained alike  in  glacial  acetic  solutions  of  pure  cholesterol,  pure 
cholic  acid,  and  ordinary  bile  after  oxidation  with  benzoyl  peroxide 
and  the  subsequent  addition  of  eight  drops  of  concentrated  sul- 
furic acid  and  one  drop  of  ferric  perchloride  (2  per  cent  solution 
in  glacial  acetic  acid)  to  every  1  cc.  portion  of  the  test.  If  an 
equal  volimie  of  chloroform  is  added  to  the  glacial  acetic  solu- 
tions, the  green  color  of  the  oxidized  cholesterol  will  be  found  in 
its  entirety  in  the  upper  layer,  the  bottom  layer  being  practically 

*  Because  of  Lifschtitz'  observations  on  the  decomposition  of  cholesterol 
to  bile  acids,  and  Schulze  and  Winterstein's  studies  on  the  influence  of  the 
light  on  cholesterol,  my  pigment  solutions  have  always  been  kept  in  the 
dark. 

« Lifschatz  (9),  p.  346. 
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colorless  (pale  yellow  or  brownish),  whereas  if  the  test  is  made 
with  oxidized  cholic  acid  the  colors  will  be  reversed,  the  upper 
stratum  will  remain  colorless  after  separation,  and  the  bottom 
(chloroform)  layer  will  contain  all  the  green  color.    When  bile  is 
used,  both  layers  will  be  colored  in  direct  proportion  to  the  amount 
of  either  substance  present  in  each  layer;  the  quantity  can  then 
be  determined  only  spectroscopically,  by  means  of  the  charac- 
teristic spectra.    In  the  absence  of  spectroscopic  facilities,  how- 
ever, oxycholesterol  and  oxidized  cholic  acid  can  be  differen- 
tiated accurately  by  means  of  the  differential  test  when  only  one 
substance  is  present  in  the  solution.    lifschiitz  adds  that  the 
proportions  he  recommends  must  be  strictly  observed  in  order 
to  obtain  the  above  results.    These  proportions  have  therefore 
been  used  in  the  foUowing  experiments. 

The  chloroform  component  of  (a)  a  cholesterol  solution,  (6)  a 
portion  of  the  Pigment  28  solution,  and  (c)  a  solution  containing 
the  cholesterol-free  bile  derivatives  of  icteric  blood,  was  removed 
by  evaporation  and  the  residues  were  dissolved  in  glacial  acetic 
acid.  The  glacial  acetic  solutions  were  treated  in  the  manner 
described  by  Lifschiitz  and  the  differential  test  was  made  by 
adding  an  equal  volimae  of  chloroform.  After  separation  had 
taken  place  the  green  color  of  the  oxidized  cholesterol  was  found 
in  the  upper  layer,  while  the  bottom  layer  had  a  faint  pinkish 
brown  tinge.  In  the  two  tests  made  with  the  bile  derivatives, 
on  the  contrary,  the  upper  layers  were  colorless  and  the  green 
color  could  be  seen  in  its  entirety  in  the  lower  (chloroform) 
layers.  Whether  the  differential  test  was  made  at  the  red,  the 
blue,  the  green,  or  the  terminal  dirty  brown  stage  of  the  reac- 
tion, the  color  component  of  the  oxidized  cholesterol  was  found 
in  the  upper  stratum,  whereas  that  of  the  bile  derivatives  in- 
variably settled  in  the  bottom  layer.  Moreover,  the  green  stage 
of  the  bile  derivatives  remained  imchanged  for  da3r8,  while  the 
oxycholesterol  green  changed  to  dirty  brown  in  about  12  hours. 
The  latter  peculiarity  alone,  which  is  in  accordance  with  the 
color  persistency  of  the  bile-green  reaction  in  my  pigment  solu- 
tions, might  suffice  to  distinguish  the  bile  derivatives  from 
oxycholesterol,  and  recalls  Lifschiitz'  statement  concerning  the 
color  reaction  of  oxidized  cholic  acid,  that  colors  like  spectra 
remain  for  weeks.     Although  these  tests  showed  that  the  bile 
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derivatives  contained  no  oxycholesterol,  but  substances  that  were 
closely  allied  to  cholic  acid,  a  slight  difference  could  be  observed 
between  the  derivatives  from  gall-stones  and  those  from  icteric 
blood.  The  latter  needed  the  complete  oxidation  required  by 
choUc  acid,  while  the  former  gave  the  Lifschutz  reaction  after 
oxidation  with  benzoyl  peroxide  alone,  without  the  addition  of 
sulfuric  add  and  ferric  perchloride.  It  will  be  remembered  that 
the  color  sequence  of  the  Lifschutz  reaction  is  the  reverse  of  that 
seen  in  bile  pigments  under  the  influence  of  oxidizing  agents.' 
The  gallHstone  derivatives  must  therefore  have  been  partially 
oxidized.  It  is  hard  to  imderstand  where  this  partial  oxidation 
could  have  occurred  as  no  oxidizing  agents  except  the  atmos- 
pheric oxygen  during  extraction  of  the  cholesterol  had  been  used 
until  Lifschutz'  differential  test  was  made.  The  following  ex- 
planation is  tentatively  suggested:  As  biUrubin,  a  hemoglobin 
derivative  (Mathews),  could  be  demonstrated  in  the  mixtiu'e  by 
Hanunarsten's  test,  and  as  Lifschutz  (10)  was  able  to  prove  the 
strongly  oxidizing  properties  of  hemoglobin,  it  seems  possibly 
that  some  of  the  bile  pigments  present  in  the  mixtiu'e  may  have 
played  a  part  in  the  partial  oxidation  of  the  cholic  acid  which  it 
contained.  The  bile  derivatives  from  icteric  blood  exhibited  the 
following  peculiarity:  Although  the  upper  layer  remained  color- 
less in  lifschutz'  differential  test,  the  colored  bottom  layer  was 
composed  of  two  strata,  the  lower  and  narrower  being  dark  green, 
the  other  bright  yellow  with  a  green  tinge.  This  showed  that  the 
bile  derivatives  did  not  contain  oxidized  cholic  acid  alone,  but 
another  closely  allied  substance  as  well.  The  latter  may  have 
been  the  "rhizochoUc  acid"  mentioned  by  Mathews*  or  the 
"resin  acid"  described  by  St.  Minovici  and  Zenovici. 

Further  investigations  concerning  the  solubiUty  of  the  bile 
salts,  spectroscopic  determinations,  and  tests  with  Rosenheim's 
new  reaction  for  oxycholesterol  will  be  reported  when  completed. 

SUMMARY. 

1.  In  748  parallel  blood  cholesterol  determinations  by  Bloor's 
original  method  with  sodium  ethylate  (Bloor  I)  and  its  modifica- 
tion without  sodimn  ethylate  (Bloor  II),  a  constant  difference 

» Von  Reinbold  (15),  p.  278. 
•  Mathews  (12),  p.  430. 
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was  obeerved  in  the  cholesterol  values  obtained,  lower  values 
being  registered  by  the  Bloor  I  method. 

2.  In  normal  blood  a  constant  slight  difference  (0.050  to  0.07O 
mg.)  occ\irs  between  the  values  obtained  by  the  Bloor  I  and  Bloor 
II  methods;  in  icteric  blood  differences  of  0.090  to  0.280  mg.  occur. 

3.  Since  the  liebermann  reaction  could  be  obtained  with  a 
mixture  of  cholesterol-free  gall-stone  derivatives,  the  difference 
appears  to  be  due  to  a  combination  of  bile  pigments  and  bile 
acids  present  in  the  blood. 

4.  The  Liebermann  reaction  of  cholesterol-free  gall-stone  de- 
rivatives differs  from  that  of  cholesterol  inasmuch  as  the  pink 
stage  of  the  reaction  is  distinctly  visible  in  weak  solutions  of  the 
former,  although  it  cannot  be  seen  in  cholesterol  solutions  of 
equal  or  up  to  400  times  greater  concentration, 

6.  The  type  of  Liebermann  reaction  given  by  gall-stone  de- 
rivatives can  be  obtained  from  the  cholesterol-free  residue  of 
icteric  blood. 

«  6.  This  color  reaction  is  destroyed  by  the  use  of  sodiiun  ethyl- 
ate  under  conditions  parallel  to  those  foimd  in  the  Bloor  I 
method.  The  color  reaction  of  cholesterol  is  not  affected  by  the 
use  of  sodium  ethylate. 

7.  That  the  Liebermann  reaction  of  cholesterol-free  bile  de- 
rivatives is  due,  not  to  oxycholesterol,  but  to  choUc  acid  and 
allied  substances  in  the  presence  of  bile  pigments,  could  be 
proved  by  lifschUtz'  differential  test. 

8.  Cholesterol-free  gall-stone  derivatives  require  less  vigorous 
oxidation  than  bile  derivatives  from  icteric  blood  in  order  to 
give  Lifschiitz'  differential  test. 

9.  The  oxidizing  properties  of  hemoglobin  having  been  dem- 
onstrated by  Lifschiitz,  and  bilirubin,  a  hemc^obin  derivative, 
being  demonstrable  in  the  gall-stone  derivatives,  it  is  tentatively 
suggested  that  the  bile  pigments  contained  in  the  latter  may  have 
caused  their  partial  oxidation. 

10.  The  experiments  suggest  that  parallel  determinations  with 
Bloor's  original  method  and  its  modification  may  f\u*nish  valu- 
able information  concerning  the  chemical  constituents  of  the 
blood  in  cases  of  biliary  disturbance  with  and  without  icterus, 
which  might  be  supplemented  by  the  dialyzation  method  of 
Hoover  and  Blankenhom. 
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The  data  presented  in  the  present  paper  form  the  first  part 
of  a  contemplated  study  of  the  influence  of  various  agents  (chiefly 
foodstuffs)  upon  the  eUmination  of  certain  urinary  constituents, 
with  special  reference  to  uric  acid.  As  originally  planned  the 
work  was  to  be  essentially  a  repetition  of  the  recent  work  of 
Mendel  and  Stehle,^  making  use  of  the  microcolorimetric  method 
for  uric  acid  determinations,  instead  of  the  Folin-Shaffer*  method, 
which  Mendel  and  Stehle  employed.  We  believe  that  the  Folin- 
Shaffer  method  is  not  well  adapted  to  the  study  of  hourly  uric 
acid  elimination,*  especially  where  the  output  falls  below  10 
mg.  or  the  volume  of  urine  is  large.  As  the  work  progressed,  it 
became  apparent  that  the  hom-ly  uric  acid  output  during  brief 
fasts  is  influenced  by  different  factors,  which  for  the  most  part 
we  have  been  unable  to  account  for  satisfactorily.  In  order  to 
find  whether  other  urinary  constituents  were  subject  to  parallel 
fluctuation  with  the  uric  acid,  the  work  was  extended  to  include 
creatinine  and  total  nitrogen.  An  examination  of  the  literature 
has  failed  to  bring  to  light  satisfactory  data  regarding  this  point. 

The  subject  of  the  experiments  is  22  years  of  age  arid  weighs 
55  kilos.  His  activity  during  the  experiments  consisted  of  lab- 
oratory routine.  The  analytical  methods  employed  were  the 
following:  total  nitrogen,  Kjeldahl;  creatinine,  Folin's  colorimetric 

^  Mendel,  L.  B.,  and  Stehle,  R.  L.,  J.  Biol,  Chem.^  1915,  xxii,  215. 
*  Folin,  O.,  and  Shaffer,  P^  A.,  Z.  physioL  Chem.y  1901,  xxxii,  552. 
»  Benedict,  8.  R.,  The  Harvey  Lectures ,  1915-16,  xi,  346. 
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method;  uric  acid,  the  Folin-Denis  method  as  modified  by  Bene- 
dict and  Hitchcock.* 

The  routine  of  the  experiments  was  as  follows.  For  3  da3nB 
before  each  experiment  the  diet  was  essentially  free  from  purines. 
No  food  was  eaten  from  6  p.m.  on  the  day  preceding  an  expert- 
ment  until  after  the  experiment  was  finished.  The  urine  was 
collected  in  hourly  periods  from  7  a.m.  to  9  p.m.,  special  care  bein^ 
taken  to  empty  the  bladder  completely  each  time.  The  urines 
collected  up  to  4  p.m.  were  analyzed  the  same  day,  the  later 
samples  were  preserved  with  toluene  and  analyzed  the  day 
following. 

Table  I,  Experiments  1  and  2,  records  experiments  in  which  the 
uric  acid  output  only  was  determined  and  in  which  the  quantity 
of  water  iligested  was  low  but  was  not  measiu^d.  .The  results 
corroborate  the  previous  findings  of  Smetdnka^  and  of  Mendel 
and  Stehle.  There  is  a  marked  fall  in  the  uric  acid  output  dur- 
ing the  morning  hours,  which  is  followed  by  a  more  gradual  de- 
cline during  the  afternoon.  An  inspection  of  the  tables  will  show, 
in  agreement  with  the  work  of  Mendel  and  Stehle,  that  there 
seems  to  be  an  unmistakable  relationship  between  urinary  volume 
and  uric  acid  excretion,  but  only  within  certain  limits.  As  a  rule 
a  decrease  in  urinary  volimie  is  accompanied  by  a  decrease  in 
uric  acid,  but  numerous  exceptions  to  this  may  be  noted  in  the 
experiments,  particularly  in  the  early  morning  houre. 

Experiment  3,  Table  I,  records  an  experiment  in  which  neither 
food  nor  water  was  ingested.  The  mine  was  collected  in  periods 
of  approximately  3  hours.  This  experiment  differed  from  the 
others  reported  in  this  paper  in  that  a  purine-containing  food 
(chicken)  was  ingested  about  5  o'clock  in  the  afternoon  preced- 
ing the  experiment.  The  results  illustrate  the  relation  of  uric 
acid  to  urinary  volimie,  but  do  not  appear  to  differ  materially 
from  those  obtained  in  the  other  experiments. 

*  Benedict,  S.  R.,  and  Hitchcock,  E.  H.,  J.  Biol.  Chem.,  1916,  xx,  619. 
Dr.  Benedict  has  modified  the  preparation  of  the  Folin-Denis  uric  acid 
reagent  as  follows:  Boil  together  100  gm.  of  sodium  tungstate,  30  cc.  of  85 
per  cent  phosphoric  acid,  20  cc.  of  concentrated  hydrochloric  acid,  and  750 
cc.  of  water  under  a  reflux  condenser  for  1}  hours.  This  modified  solution 
shows  less  tendency  to  develop  turbidity  than  does  the  original  Folin- 
Denis  reagent.    Cool  and  make  up  to  1  liter. 

*  Smafcdnka,  F.,  Arch.  ges.  Physiol,,  1911,  cxxxviii,  217. 
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In  Table  II  are  recorded  four  experiments  in  which  the  intake 
of  water  was  constant  (100  cc.  per  hour),  and  in  three  of  which 
the  total  nitrogen  and  creatinine  have  been  determined  for  each 
hour.  With  a  constant  intake  of  a  fairly  liberal  quantity  of 
water  the  excretion  of  uric  acid  is  somewhat  more  regular  than 
in  our  first  experiments  (where  the  water  intake  was  low  but  was 
not  measured). or  as  compared  with  Experiments  8  and  9,  where 
the  water  intake  was  low  or  irregular.  The  figures  are  of  value 
as  showing  the  variations  to  be  expected  in  the  same  individual 
under  apparently  identical  conditions.  Particular  attention  is 
drawn  to  Experiment  5  which  serves  to  illustrate  a  serious  source 
of  error  in  interpreting  results  upon  the  uric  acid  output.  If,  in 
Experiment  5,  some  material  had  been  ingested  at  about  1  or  2 
o'clock  the  inference  might  have  been  drawn  that  it  increased  the 
uric  acid  elimination,  whereas  the  experiment  really  shows  only 
the  variation  to  be  expected  without  ingestion  of  anything  but  a 
constant  qiiantity  of  water  throughout.  It  is  probably  safer,  in 
interpreting  uric  acid  results,  to  take  as  a  basis  a  series  of  ex- 
periments such  as  is  here  given,  rather  than  to  rely  upon  the 
"control"  period  covering  a  few  hours  before  the  ingestion  of  the 
material  to  be  studied. 

A  comparison  of  the  figures  for  uric  acid  with  the  total  nitro- 
gen in  Experiments  5,  6,  and  7  will  show  that  there  is  a  remark- 
ably close  correspondence  in  the  rise  and  fall  of  these  two  constitu- 
ents. A  given  quantity  of  nitrogen  in  gm.  does  not  correspond 
to  a  given  weight  of  uric  acid  in  the  different  experiments,  but 
the  relative  rise  and  fall  of  the  two  are  so  nearly  constant  as  to 
lead  one  to  suspect  that  either  may  be  regarded  as. a  general  in- 
dex of  kidney  eflBciency  with  respect  to  both.  This  point  is  one 
which  we  believe  should  be  taken  into  account  in  any  study  of  the 
effects  of  various  agents  upon  uric  acid  formation.  From  our 
results  it  appears  not  improbable  that  when  the  kidney  is  called 
upon  to  do  additional  work  in  the  excretion  of  one  constituent 
it  may  respond  by  increased  eflSciency  in  respect  to  other 
constituents. 

The  relation  between  uric  acid  elimination  and  the  creatinine 
output  is  not  quite  so  definite  as  that  between  uric  acid  and  the 
total  nitrogen.  In  a  general  way  the  creatinine  elimination  also 
parallels  the  total  nitrogen,  but  it  will  be  seen  that  this  rela- 
tion is  not  so  constant  as  for  the  uric  acid. 
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In  connection  with  the  data  on  the  creatinine  elimination,  it  is 
of  interest  to  note  that  the  hourly  output  of  this  constituent 
during  brief  fasts  is  apparently  not  nearly  so  constant  as  Shaffer* 
and  Van  Hoogenhuyze  and  Verploegh^  have  reported  for  indi- 
viduals on  normal  diets.  The  fluctuations  are  large.  In  Ex- 
periment 5,  for  instance,  there  is  an  increase  from  53  to  81  mg. 
between  two  successive  hours,  an  increase  of  over  50  per  cent. 
Special  care  was  used  in  such  instances  to  check  up  the  anal3rti- 
cal  work,  determinations  being  made  in  triplicate  wherever 
marked  variations  were  found  between  two  successive  hours. 
The  marked  creatinine  fluctuations  recorded  in  Experiments  5, 
6,  and  7  are  obviously  not  due  to  incomplete  emptying  of  the 
bladder.  In  Experiment  8  (Table  III),  where  47.1  mg.  of  creat- 
inine are  eliminated  for  the  period  from  6  to  7  followed  by  60.4 
mg.  from  7  to  8,  it  might  be  held  that  the  bladder  was  not  com- 
pletely emptied  at  7  o'clock.  Reference  to  the  total  nitrogen 
will  show,  however,  that  this  constituent  practically  doubled 
for  the  horn*  7  to  8  as  compared  with  6  to -7,  and  as  there  is  no 
relation  between  this  increase  and  that  of  the  creatinine  and 
uric  acid  on  a  percentage  basis,  it  is  obvious  that  an  explanation 
based  upon  incomplete  emptying  of  the  bladder  is  not  tenable. 

We  believe  that  the  experiments  which  are  here  reported  dem- 
onstrate beyond  doubt  that  for  short  fasts  the  creatinine  output 
may  show  marked  variations  from  hour  to  horn*.  In  neariy 
all  of  our  experiments  there  is  a  tendency  for  a  very  low  creati- 
nine elimination  during  1  horn*  of  the  late  afternoon  or  early 
evening.  This  point  is  also  shown  in  the  experiments  recorded 
in  Table  III,  in  which  the  water  intake  is  markedly  different 
from  the  earUer  ones.  The  uric  acid  output  in  these  latter  ex- 
periments is  hardly  as  regular  or  constant  as  in  Experiments  4 
to  7.  The  effect  of  varying  the  water  intake  is  not,  however, 
clear-cut. 

In  conclusion,  I  wish  to  express  my  thanks  to  Dr.  S.  R.  Bene- 
dict for  his  helpful  suggestions  throughout  this  work. 

•  Shafifer,  P.,  Am.  J,  Physiol,,  1908-09,  xxiii,  1. 

^  Van  Hoogenhuyze,  C.  J.  C,  and  Verploegh,  H.,  Z.  pkysxoL  Chem,f 
J905,  xlvi,  415. 


TABLE  I. 

Experiment  1.    August  8.    Fasting,    Water  Taken  Every  Hour.    Quantity 

Not  Measured, 


Hour. 

Volume. 

Uric  add. 

cc. 

mg. 

7-8 

44 

25.0 

8-9 

25 

18.7 

9-10 

27 

21.5 

10-11 

19 

14.4 

11-12 

14 

11.7 

1^-  1 

17 

13.9 

1-2 

18 

11.5 

2-3 

15 

11.6 

3-4 

12 

9.7 

4-5 

16 

9.5 

5-6 

12 

9.6 

6-7 

14 

9.5 

7-8 

22 

7.1 

8-9 

14 

4.7 

Total 

269 

178.4 

Experiment  t.    October  S, 


Fasting.    Water  Taken  Every  Hour.    Quantity 
Not  Measured. 


Hour. 

Volume. 

• 

Uric  acid. 

ce. 

mg. 

7-8 

39 

21 A 

8-9 

50 

11.5 

9-10 

98 

23.0 

10-11 

69 

18.7 

11-12 

71 

15.6 

1^-  1 

14 

6.8 

1-2 

41 

10.0 

2-3 

52 

11.8 

3-4 

12 

5.8  . 

4-5 

22 

6.8 

5-6\ 

6^7/ 

45 

15.0 

7-8 

70 

9.9 

8-9 

176 

12.6 

Total 

759 

168.9 

Experiment  S.    October  7.    Fasting.    No  Water. 


Hour. 

Vdume. 

Hourly  volume 
(average) . 

Uric  add. 

Hourly  uric  add 
(calculated). 

ce. 

ce. 

mg. 

mg. 

7-10 

195 

65.0 

67.4 

22.4 

10-  1 

61 

20.3 

42.8 

14.2 

1-3.45 

39 

14.0 

23.8 

8.6 

3.45-  6 

36 

16.0 

27.2 

12.0 

Total 

331 

161.2 
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TABLE  II. 
Experiment  4,    October  24-    FoBiing,    Water,  100  Cc.  Each  Hour. 


Hour. 

Volume. 

Uric  acid. 

Total  nitrocen. 

cc. 

mg. 

gm. 

7-8 

64 

20.6 

8-9 

93 

26.8 

9-10 

118 

28.8 

10-11 

122 

18.7 

11-12 

92 

16.2 

12-  1 

60 

14.0 

1-  2 

68 

13.9 

2-3 

27 

13.0 

3-4 

26 

10.6 

4-  5 

24 

11.7 

0.313 

5-6 

14 

7.1 

0.185 

6-7 

30 

10.7 

0.428 

7-8 

23 

9.9 

0.324 

.8-9 

66 

9.9 

0.451 

Total 

817 

211.9 

- 

Experiment 

!  6.    November  t.    Fasting,     Water,  100  Cc.  Each  Hour. 

Hour. 

Volume. 

Uric  acid. 

Creatinine. 

Total  nitrocen. 

cc. 

mg. 

mg. 

gm. 

7-  8 

56     • 

25.2 

60.6 

0.362 

8-9 

148 

24.0 

60.7 

0.441 

9-10 

62 

21.8 

60.0 

0.415 

10-11 

38 

19.0 

49.8 

0.300 

11-12 

37 

15.4 

49.8 

0.302 

12-  1 

25 

14.2 

51.0 

0.272 

1-2 

36 

15.4 

49.8 

0.364 

2-3 

47 

16.0 

50.6 

0.382 

3-  4 

54 

19.0 

64.0 

0.418 

4-  5 

53 

16.0 

53.4 

0.331 

5^  6 

58 

23.4 

81.0 

0.517 

6-  7 

97 

16.6 

64.8 

0.482 

7-  8 

49 

16.8 

53.4 

0.343 

8-  9 

57 

16.6 

53.4 

0.361 

Total 

817 

• 

259.4 

802.3 

5.290 

• 
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TABLE  U— Concluded. 
Experiment  6.    November  9,    Fasting,    Water,  100  Cc,  Each  Hour. 


Hour. 

Volume. 

* 

Uric  add. 

Croatiiuiie. 

Total  nitrogen. 

oc. 

mg. 

mg. 

gm. 

7-8 

42 

25.3 

52.0 

0.394 

8-9 

64 

25.4 

54.5 

0.471 

9-10 

73 

25.2 

56.0 

0.517 

10-11 

50 

22.5 

50.5     . 

0.405 

11-12 

95 

18.2 

54.0 

0.466 

12-  1 

53 

17.2 

52.8 

0.393 

1-  2 

43 

16.8 

52.0 

0.395     . 

2-3 

35 

16.4 

50.5 

0.376 

3-4 

26 

16.4 

51.2 

0.332 

4-5 

35 

17.0 

53.1 

0.404 

^  6 

37 

13.6 

50.5 

0.389 

6-7 

25 

.      10.5 

37.6 

0.276 

7-8 

39 

13.1 

53.8 

0.412 

8-9 

68 

17.5 

59.1 

0.556 

Total 

685 

255.1 

727.6 

5.786 

Experiment  7.    November  16.    Fasting.    Waier,  100  Cc.  Each  Hour. 


Hour. 

Volume. 

Uric  add. 

Creatinine. 

Total  nitrasen. 

ee. 

mg. 

mg. 

gm. 

7-8 

41 

20.8 

40.5 

0.362 

8-9 

41 

20.8 

50.5 

0.440 

9-10 

50 

27.8 

54.0 

0.504 

10-11 

32 

16.8 

41.6 

0.377 

11-12 

62 

17.0 

48.0 

0.482 

12-  1 

56 

16.0 

49.2 

0.468 

1-  2 

34 

14.8 

48.4 

0.376 

2-3 

20 

13.2 

48.0 

0.340 

3-  4 

23 

12.7 

48.2 

0.383 

4-5 

33 

11.2 

48.4 

0.402 

5-  6 

41 

10.6 

51.2 

0.476 

6-  7 

154 

11.4 

58.9 

0.560 

7-8 

31 

10.8 

42.6 

0.315 

8-9 

38 

12.5 

46.0 

0.452 

Total 

656 

216.4 

675.5 

5  937 
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TABLE  III. 

Experiment  8,    December  6,    Fasting, 

Water:  100  cc.  hourly  to  2  p.m. 
200  "    at  2  p.m. 
160  "   hourly  to  7  p.m. 
250  "    at  7  p.m. 
200  "    "8 


t< 


Hour. 

Volume. 

• 

Uric  acid. 

Creatinine. 

Total  nitrocra 

cc. 

mg. 

mg. 

giH. 

7-8 

67 

24.1 

57.3 

0.420 

8-9 

77 

25.6 

62.3 

0.454 

9-10 

171 

22.5 

61.2 

0.539 

10-11 

132 

17.6 

56.7 

0.439 

11-12 

34 

15.4 

49.8 

0.293 

12-  1 

37 

16.0 

56.8 

0.358 

1-  2 

41 

16.0 

60.5 

0.397 

2-3 

66 

13.5 

54.0 

0.375 

3-4 

69 

12.0 

57.8 

0.451 

4-  5 

93 

9.0 

52.0 

0.426 

5-6 

25 

Lost. 

6-  7 

26 

8.6 

47.1 

0.256 

7-8 

164 

11.1 

60.4 

0.478 

8-9 

275 

9.8 

57,8 

0.533 

ExperimerU  9.    January  4.    Fasting.    Watery  60  Cc.  Each  Hour. 


Hour. 

Volume. 

Urio  add. 

Creatinine. 

Total  nitrocen. 

cc. 

mg. 

mg. 

gm. 

7-  8 

73 

25.0 

60.6 

0.505 

8-9 

83 

25.5 

62.6 

0.516 

9-10 

77 

23.0 

62.9 

0.484 

10-11 

43 

21.4 

59.6 

0.351 

11-12 

30 

22.0 

58.9 

0.347 

12-  1 

22 

18.8 

59.2 

0.312 

1-2 

27 

17.9 

60.8 

0.340 

2-  3 

16 

12.5 

50.0 

0.230 

3-4 

17 

12.5 

60.3 

0,265 

4-  5 

14 

9.6 

55.5 

0.237 

5-  6 

13 

9.1 

46.0 

0.215 

^  7 

22 

17.3 

65.6 

0.332 

7-  8 

23 

11.8 

51.3 

0.311 

8-  9 

19 

9.8 

41.6 

0.273 

Total 

479 

236.2 

794.9 

4.718 

CORN  AS  A  SOURCE  OF  PROTEIN  AND  ASH  FOR 

GRowrao 


By  albert  G.  HOGAN. 

(From  the  Department  of  Chemistry,  Kansas  State  Agricultural  Experiment 

Station f  Manhattan,) 

(Received  for  publication,  February  10,  1917.) 

Agricultiirists  have  long  since  recognized  the  inadequacy  of  the 
com  kernel  as  the  sole  diet  of  growing  animals,  and  investigators 
in  the  field  of  nutrition  havie  made  numerous  studies  to  deter- 
mine more  exactly  the  nature  of  its  deficiencies.  An  earlier  pub- 
lication of  the  author  presented  some  recent  data  showing  that 
the  first  limiting  factor  in  com  for  the  growth  of  young  rats  is 
the  lack  of  certain  inorganic  constituents.  When  the  mineral 
deficiencies  were  corrected,  however,  normal  growth  could  not 
be  secured,  even  after  the  addition  of  considerable  quantities  of 
purified  protein,  indicating  a  lack  of  suitable  growth  accessories. 
McCollum  and  his  collaborators  have  presented  data  bearing  on 
this  problem,  and  state  that  the  maize  .kernel  is  lacking  in  one 
of  the  accessories,  which  they  have  designated  as  fat-soluble  A. 

Our  earlier  investigations  disclosed  some  minor  variations 
in  the  way  swine  and  rats  responded  to  an  exclusive  diet  of 
maize.  For  example,  the  mineral  deficiencies  of  com  were  tol- 
erated much  better  by  the  swine,  while  the  protein  deficiencies 
were  tolerated  much  more  easily  by  the  rats.  Assxmiing  that  com 
is  poor  in  one  or  more  of  the  growth  accessories,  swine  are  af- 
fected much  less  injuriously  by  this  than  are  the  rats. 

Our  earlier  work  has  been  extended,  and  efforts  are  now  being 
made  to  determine  specifically  what  inorganic  elements  in  the  ash 
and  what  amino-adds  in  the  proteins  are  deficient  in  quantity, 
and  thus  constitute  limiting  factors  when  the  com  kernel  is  used 
as  the  exclusive  diet  of  young  am'mals.  Data  from  this  labora- 
tory have  been  presented^  showing  that  the  addition  of  trypto- 

^  Hogan,  A.  G.,  Proc,  Am,  Soc.  Animal  Production,  1916  (in  press). 
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phane  and  lysine  improved  the  proteins  of  com,  but  our  results 
at  that  time  did  not  indicate  which  of  these  amino-adds  was  the 
first  limiting  factor  in  the  protein  ntxixture  of  the  com  kernel. 
Our  later  results  have  established  that  point. 

The  methods  used  in  our  earlier  work  were  followed  closely  in 
these  feeding  trials,  and  in  most  instances  rats  were  used  as  ex- 
perimental animals.  In  some  cases  swine  were  used,  but  only 
to  a  limited  extent. 

/.  The  Inorganic  Ldmitations  of  the  Com  Kernel. 

Because  of  the  inadequacy  of  the  proteins  in  com  they  were 
supplemented  by  a  comparatively  ash-free  protein,  a  specially  pre- 
pared specimen  of  egg  white.  The  analyses  of  com  make  it  prob- 
able that  the  animals  receiving  this  grain  as  an  exclusive  ration 
will  first  require  calcium  to  permit  the  normal  nutritive  processes, 
and  this  view  seems  upheld  by  the  facts.  One  lot  of  animals  re- 
ceived com  plus  the  ash-free  protein,  and  other  lots  received  this 
same  ration  with  various  noineral  supplements.  In  one  case  the 
supplement  was  a  complete  ash  mixture;^  in  another  it  was  cal- 
cium lactate,  and  in  another  potassium  phosphate.  In  the  two 
latter  cases  the  animals  received  the  same  quantities  of  calcium 
lactate  and  potassimn  phosphate  as  the  first  lot  received  in  the 
complete  ash  mixture.  During  the  period  of  observation  the  lot 
receiving  the  complete  ash  ntxixture  grew  somewhat  more  rapidly 
than  that  receiving  com  plus  the  calcium  lactate.  The  rats 
receiving  com  plus  potassium  phosphate  profited  in  no  way  by 
the  addition,  and  died  about  as  quickly  on  the  ration  as  those 
receiving  no  mineral  supplement  whatever.  The  results  appear 
in  Table  I.    Rats  were  used  as  experimental  animals. 

«  Ca  lactate 468.0 

K  JIP04 280.8 

NaCl 123.1 

Na  citrate 31.2 

Fc  citrate 23.8 

MgS04 31.7 
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TABLE  I. 

Mineral  Supplements  for  Com, 


Ration 

Corn  +  ash-free 
egg  white. 

Com  +  ash-free 
egg  white + 
EhP04. 

Own  +  ash-free 

egg  white + 
UT  lactate. 

Com  +  ash-free 
egg  whiter- 
complete  ash 
mixture. 

8ez  and  No . . . . 

9  1 

<f  1 

93 

<f  3 

92 

<f  2 

92 

tfl 

Time. 

Average  weight,  gm. 

wkt. 

Initial. 

3 

6 

.9 
12 
15 
18 
21 
24 
27 

50 
64 
50 
Dead. 

52 
78 
72 
Dead. 

46 
50 

Dead. 

49 
48 
57 
57 
Dead. 

50 
71 
75 

85 
89 

49 
82 
98 
116 
124 
132 
146 

66 
95 
102 
114 
124 
125 
130 
135 
135 

56 
85 
107 
132 
177 
180 
175 
215 
225 
225 

II,  The  Amino-Add  Deficiencies  of  Com  Proteins. 

Of  the  individual  proteins  of  com,  zein  has  received  the  most 
attention  from  investigators.  According  to  Osborne  and  Mendel 
(1914,  a),  it  makes  up  about  40  per  cent  of  the  total  nitrogenous 
constituents.  It  contains  neither  lysine  nor  tryptophane,  and 
as  has  been  known  for  some  time,  is  imable  to  support  life  when  it 
forms  the  only  protein  of  the  ration.  Willcock  and  Hopkins  used 
yoimg  mice  in  feeding  trials,  and  obtained  some  of  the  earlier 
data  bearing  on  this  point.  When  receiving  a  diet  containing 
no  other  protein  than  zein,  their  mice  lived  only  a  short  time. 
When  tryptophane  -was  added  to  the  ration,  life  was  much  pro- 
longed. Some  years  later  Osborne  and  Mendel  (1914,  6)  showed 
that  zein  could  support  life  and  even  permit  growth  if  it  were 
supplemented  with  lysine  and  tryptophane. 

Although  there  is  no  question  that  these  amino-acids  must  be 
added  to  zein  in  order  that  it  may  support  growth  in  the  animal 
organism,  it  is  not  so  certain  that  the  mixture  of  proteins  in  the 
entire  com  kernel  would  show  a  corresponding  deficiency.  It 
has  been  demonstrated  by  Osborne  ftnd  Mendel  (1914,  a)  that 
com  glutelin  is  an  adequate  protein,  and  there  is  a  general  im- 
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pression  that  the  proteins  of  the  com  germ  are  relatively  very 
effective.  Some  data  in  support  of  that  view  have  been  obtained 
in  previous  years  at  this  Institution.  One  lot  of  swine  received 
com  alone.  Other  lots  received  corn  with  the  addition  of  vari- 
ous supplements,  including  casein  and  com  germ.  Table  11 
gives  further  details  concerning  the  rations,  as  well  as  the  growth 
of  the  animals. 

TABLE  n. 
Com  Oerm  cu  a  Source  of  Protein  for  Orowing  Swine. 


Lot  No. 


NutritiYe  ratio. 


Ration. 


-.     .   .     /com 

Protein  <         , 

1^  supplement 

Ether  extract 

Nitrogen-free  extract 

Ash 


Average  initial  weight. . 

Average    final    weight, 

(180  days) 


39 

20 

84 

S3 

1:6 

1:6.9 

1:8.8 

1:8.0 

Corn  + 
casein  + 
■alt  mix- 
ture. 

Com  + 
caaein. 

Comf 
■taron  + 
oa8ein  + 
■alt  mix- 
ture. 

Com  + 
oom 
cenn> 

per  cent 

per  etrU 

per  eetU 

per  eent 

10.29 

11.39 

5.64 

7.74 

4.21 

1.22 

4.78 

5.08 

4.97 

4.19 

3.02 

7.20 

76.15 

81.40 

82.80 

77.20 

4.33 

1.71 

3.73 

2.79 

lb$. 

lb$. 

Bm. 

Ibe. 

21 

31 

24 

31 

200 

142 

165 

150 

31 


1:8.8 


Cortt  + 
•altmiz- 
tnra. 


10.88 

4.58 

80.30 

4.27 

Ibe. 

25.3 
37.6 


Lots  29  and  23  received  tap  water,  high  in  calcium.    The  others  drank 
only  distilled  water.    There  were  three  animals  in  each  lot. 


The  table  presents  in  a  striking  way  the  vast  superiority,  for 
growth  production,  of  caaein  over  the  com  proteins.  For  all 
practical  purposes  it  may  be  said  that  Lots  29  and  31  received  the 
same  diet,  with  the  exception  that  casein  to  the  extent  of  only 
1.22  per  cent  of  the  entire  ration  was  added  to  the  feed  of  Lot 
29.  Yet  this  comparatively  small  addition  changed  the  ration 
from  one  that  permitted  practically  no  growth  to  one  that  per- 
mitted approximately  two-thirds  normal  growth.  Possibly  a 
suitable  mineral  supplement  would  have  augmented  this  differ- 
ence, for  obviously  Lot  29  was  receiving  to  excess  of  mineral 
matter.    A  comparison  of  Lots  31  and  34  shows  the  superiority 
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of  the  casein  in  an  equally  convincing  manner.  Each  lot  re- 
ceived the  same  amoimt  of  digestible  protein,  assuming  that  the 
casein  was  entirely  digestible.  The  fact  that  half  this  protein 
was  casein,  however,  changed  the  ration  from  one  that  would 
barely  sustain  life  to  one  that  permitted  a  degree  of  growth  not 
far  from  normal.  Brief  consideration  of  Lots  23  and  34  is  also  of 
interest.  A  strict  comparison  is  impossible  as  the  composition 
of  the  rations  is  quite  dissimilar.  Obviously,  however,  the  pro- 
teins in  the  com  germ  are  effective  in  supporting  growth  of  young 
animals.  It  would  not  be  impossible,  therefore,  that  the  proteins 
of  com  germ  contained  high  percentages  of  the  amino-adds  lack- 
ing in  zein,  and  might  at  least  in  some  measiire  compensate  for 
the  deficiencies  of  the  latter  protein. 

In  our  earlier  work  lysine  and  tryptophane  were  added  to  finely 
grotmd  com,  and  this  mixture  was  fed.  This  addition  had  no 
apparent  value,  but  the  results  were  not  considered  decisive  be- 
cause rats  failed  to  grow  notably  better  when  our  purified  pro- 
teins, such  as  egg  white,  were  added  to  com.  It  seemed  evident 
therefore  that  some  other  factor  than  the  quality  of  protein 
should  be  considered.  This  may  have  been  a  suitable  mineral 
supplement,  growth  accessories,  or  some  less  considered  question. 
In  order  to  obviate  all  such  possibilities,  it  seemed  desirable 
to  use  a  ration  known  to  be  adequate  in  every  respect  other  than 
protein.  For  that  pxupose  a  ration'  approximating  some  pub- 
lished by  Osborne  and  Mendel  was  adopted.  At  first  the  rats 
received  approximately  9  per  cent  protein,  but  later  this  was  in- 
creased to  12  per  cent.  Com  itself  seldom  contains  much  over 
10  per  cent  protein,  so  in  order  to  have  12  per  cent  in  the  ration 
after  admixture  with  other  constituents,  it  was  necessary  to  ob- 
tain the  protein  in  a  more  concentrated  form.  Com  gluten  did 
not  seem  suitable,  as  it  lacks  the  com  germ.  Accordingly  efforts 
were  made  to  obtain  a  product  in  which  the  natural  mixtiu^e  of 

'  The  ration  was  as  follows. 


Com  protein 

Protein-free  milk. 

Butter 

Starch 


Protein. 


9  per  cent. 

12  per  cent. 

Qtn, 

Qm. 

285.0 

360.0 

250.0 

250.0 

250.0 

250.0 

260.0 

138.0 
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com  proteins  was  modified  as  little  as  possible,  but  which  con- 
tained them  in  larger  proportion.  The  corn  was  groimd  to  an 
impalpable  powder,  and  boiled  in  a  large  volimie  of  water  made 
slightly  acid  with  acetic  acid.  The  purpose  was  to  coagulate  the 
soluble  proteins,  and  at  the  same  time  bring  the  starch  into  a 
colloidal  solution.  After  standing  some  time  the  protein  settled 
and  then  the  supernatant  liquid  was  siphoned  off.  This  process 
was  repeated  five  or  six  times,  imtil  the  liquid  did  not  give  the 
iodine  test  for  starch.  The  product  obtained  in  this  way  con- 
tains 30  to  35  per  cent  protein,  and  is  suitable  for  use  in  the 
feeding  mixture  mentioned  above. 

At  the  beginning  of  the  feeding  period,  one  lot  of  rats  received 
the  mixture  containing  the  prepared  com  proteins,  and  another 
lot  of  six  received  the  same  ration  with  the  addition  of  lysine 
and  tryptophane.  The  amoimt  of  com  protein  in  this  basal 
ration  was  purposely  made  very  low,  in  order  that  growth  should 
occiu-  very  slowly.  Under  these  circumstances,  any  increase  in 
the  rate  of  growth  due  to  the  added  amino-acids  should  be  clearly 
perceptible.  The  amoimts  of  these  supplements  were  relatively 
small;  to  each  1,000  gm.  of  the  feed,  3  gm.  of  tryptophane  and 
3  gm.  of  lysine  dlchloride  were  added.  Two  of  the  rats  receiv- 
ing the  mixt\u*e  containing  no  added  amino-acids  died  relatively 
soon,  and  another  died  near  the  dose  of  the  experiment.  These 
are  not  included  in  the  charts.  None  of  the  rats  receiving  the 
additional  amino-acids  died,  and  though  they  did  not  grow  rapidly, 
yet  in  the  first  16  weeks  they  made  over  three  and  a  half  times 
the  gain  that  the  other  lot  did.  At  the  end  of  17  weeks,  the 
lysine  and  tryptophane  were  removed  from  the  diet,  and  these  rats 
promptly  began  losing  weight.  After  a  short  interval,  trypto- 
phane was  added  to  the  diet  of  three  of  these  animals,  and  both 
lysine  and  trjrptophane  to  the  ration  of  the  other  three.  All 
began  growing  again,  but  those  receiving  lysine  and  tryptophane 
grew  much  more  rapidly  than  those  receiving  only  tryptophane. 
Later  the  animals  were  given  the  basal  ration  with  l3rsine  alone 
added,  and  without  exception  they  lost  weight  at  once,  showing 
clearly  that  trjrptophane  is  the  first  limiting  factor  in  the  com 
proteins.  After  these  proteins  are  supplemented  with  trypto- 
phane, the  addition  of  lysine  again  accelerates  the  rate  of  growth, 
and  the  latter  amino-acid  is  evidently  the  second  limiting  factor. 
More  complete  data  are  presented  in  Charts  1,  2,  and  3. 
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EXPLANATION  OP  CHARTS. 

All  animals  received  the  same  basal  ration  at  all  times.  At  the  point 
Indicated  by  a,  the  protein  was  increased  from  9  per  oent  of  the  ration  to 
12  per  cent;  the  point  b  indicates  a  further  increase  to  15  per  cent  protein. 
In  addition  to  the  basal  ration,  two  of  the  animals  shown  in  each  chart 
received  at  various  times  l3rsine  and  tryptophane,  given  together  and 
separately.  The  numbers  in  the  upper  left  hand  comer  signify  which  ani- 
mals received  the  amino-acids,  and  the  heavy  lines  accompanying  them  in- 
dicate the  time  during  which  these  supplements  were  administered.  A 
gap  in  a  line  shows  that  none  of  that  particular  amino-acid  was  received 
during  the  interval  thus  indicated.  It  is  evident  from  inspection  of  these 
charts  that  the  addition  of  lysine  alone  did  not  cause  the  rats  to  grow  more 
rapidly.  The  animals  did  grow  more  rapidly,  however,  when  tryptophane 
alone  was  added,  and  still  more  rapidly  when  both  amino-acids  were  added. 
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Chart  2. 
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SUMMABT. 


The  most  important  mineral  deficiency  of  com  is  calciimi. 
Tryptophane  is  the  first  limiting  factor  in  the  proteins  of  the 
com  kernel,  and  then  lysine. 
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THE  CHEMICAL  NATURE  OF  THE  "VITAMINES." 

m.     THE  STRUCTURE  OF  THE  CURATIVE  MODIFICATIONS  OF  THE 
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In  the  first  paper  of  this  series  (1)  it  was  shown  that  a-hy- 
droxypyridine  exists  in  two  crystalline  forms  differing  in  physio- 
logical properties.  These  were  assumed  to  be  distinct  isomeric 
substances.  Moreover,  evidence  was  foimd  that  the  sodimn 
salt  of  the  substance  represents  a  third  (enol)  form.  One  of  the 
modifications  was  obtained  as  needles  and  possessed  remarkable 
curative  power  for  polyneuritis  in  pigeons,  but  imder  ordinary  con- 
ditions spontaneously  changed  into  crystalline  granules  which 
were  physiologically  inactive.  Such  a  change  of  physiological 
properties  appears  to  take  place  imder  similar  conditions  in  all 
the  mono-  and  polyhydroxypyridines  so  far  studied. 

In  order  to  be  of  value  in  elucidating  the  chemical  nature  of 
the  "vitamines"  occurring  in  foodstuffs,  the  discovery  of  this 
ph3rsiologically  important  transformation  must  be  supplemented 
by  definite  evidence  of  the  chemical  structure  of  the  curative 
form.  It  will  further  be  necessary  to  distinguish  sharply  be- 
tween those  structural  features  which  are  indispensable  to  the 
antineimtic  property  and  those  which  play  a  secondary,  insignifi- 
cant, or  adverse  rdle.  Some  initial  steps  in  this  direction  consti- 
tute the  main  subject  of  the  present  paper. 

Structure  of  the  Curative  Substance. — ^The  difference  in  physio- 
logical activity  in  the  two  crystal  forms  is  suflicient  to  prove 
that  they  are  distinct  substances.  Analyses  and  molecular  weight 
determinations  confirm  the  earlier  assiunption  that  they  are  iso- 

495 


496 


Chemical  Nature  of  Vitamines.     Ill 


meric.  All  the  evidence  indicates  that  the  stability  of  each  fonn 
is  detennined  by  temperature,  solvent,  etc.,  and  that  the  two 
modifications  are  readily  interconvertible  by  proper  adjustment 
of  conditions.    These  facts  suggested  a  labile  hydrogen  atom. 

That  there  should  exist  some  form  of  lability  of  the  hydrogen 
atom  of  the  hydroxyl  group  of  a-hydroxypyridine  seems  wholly 
probable  if  one  may  reason  by  analogy  to  phenol.  In  fact  a 
lability  of  this  atom  appears  to  have  been  proven  by  the  produc- 
tion of  two  isomeric  alkyl  derivatives,  in  one  of  which  the  alkyl 
radical  is  attached  to  oxygen  and  in  the  other  to  nitrogen  (2). 
On  the  other  hand,  there  is  no  reason  to  suppose  that  any  other 
atom  in  the  molecule  shows  a  similar  lability.  Therefore  it  is 
assimied  that  aU  the  isomeric  rearrangements  of  orhydroxyyyridine 
involve  the  shifting  of  only  one  atom;  i.e.,  the  hydrogen  of  the  ptttor 
tive  hydroxyl  group.  If  the  truth  of  this  assumption  is  granted, 
the  compound  theoretically  may  exist  in  six  isomeric  fonns  as 
follows: 


/\ 


N 
I.  Enol. 


OH 


/\ 


H, 


O 


N 
IV.  Ortho-quinonoid. 


/\ 


HN 
II.  Pyridone. 


\J'\ 

HN— O 
V.  Pseudo  betaine. 


H, 


/\ 


N 
III.  Pararquinonoid. 


N— O 

VI.  Anthranil. 


Two  of  these  formulas  represent  the  hydrogen  as  attached  to 
nitrogen,  three  as  attached  to  carbon,  and  one  as  attached  to 
oxygen. 

By  a  study  of  the  methyl  ethers  of  a-hydroxypjnridine  it  was 
possible  tentatively  to  eliminate  Formulas  I,  III,  IV,  and  VI  as 
representative  of  the  curative  form,  for  it  was  found  that  while 
methoxypyridine  is  non-curative  and  toxic,  the  nitrogen  methyl 
derivative  shows  distinct  indications  of  curative  properties. 

It  has  been  definitely  proven  that  in  the  so  called  methyl- 
pyridone,  the  methyl  group  is  actually  attached  to  nitrogen 
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since  methylamine  is  produced  by  reduction  with  sodium  amal- 
gam (2).  But  formulas  corresponding  to  both  II  and  V  have 
been  assigned  to  this  compoipid  (3)  and  the  adherents  to  the  re- 
spective theories  have  not  recorded  any  agreement  on  the  ques- 
tion. Kauffmann  regarded  the  structure  shown  in  Formula  V  as 
definitely  proven  by  the  fact  that  the  vapors  of  the  substance, 
under  the  injQuence  of  the  Tesla  current,  glow  with  a  blue  Imni- 
nescence  similar  to  that  produced  by  pyridine  and  benzene  imder 
the  same  conditions  (4).  He  looked  upon  this  as  conclusive  evi- 
dence of  the  presence  of  three  pairs  of  shifting  double  bonds. 
Actually  this  evidence  does  not  exclude  the  possibility  of  the 
existence  of  two  forms  in  equiUbrium.  We  have  equally  definite 
evidence  that  the  substance  does  exist  in  a  second  form  in  the 
fact  that  it  is  strongly  basic  and  forms  well  defined  salts  with 
acids.  Such  properties  are  impossible  in  a  compound  in  which 
the  only  nitrogen  atom  is  already  pentavalent.  Further  refer- 
ence will  be  made  to  this  matter  later. 

In  view  of  the  existing  uncertainty  regarding  the  structule  of 
methylpyridone  it  was  impossible  to  decide  between  Formulas  II 
and  V  for  the  ciu*ative  form  of  a-hydroxypyridine,  even  if  the 
tentative  exclusion  of  the  remaining  formulas  should  prove  valid. 
Formula  II  has  been  generally  accepted  for  the  needle  (curative) 
form,  which  is  the  only  cr3rstallographic  modification  heretofore 
observed.  But  the  literature  (5)  does  not  describe  a  single  ex- 
perimental fact  which  cannot  be  interpreted  according  to  either 
formula,  and  no  additional  chemical  or  physical  evidence  bearing 
on  the  subject  has  been  found  as  yet.  However,  the  physio- 
logical properties  of  j8-hydroxypyridine  (6)  render  a  conclusion 
possible  regarding  the  structure  of  the  curative  form  of  the  free 
and  substituted  hydroxypjnridines,  regardless  of  the  existence  or 
structure  of  other  forms.  A  structure  corresponding  to  Formula 
II  is  obviously  impossible  for  iS-hydroxypyridine,  as  has  been 
pointed  out  by  Pechmann  and  Baltzer  (2),  since  the  valences  of 
all  the  btoms  of  the  ring  cannot  be  satisfied  on  this  assiunption. 
The  fact  that  j8-hydroxypyridine  under  proper  conditions  shows 
physical,  chemical,  and  curative  properties  similar  to  those  of  the 
a  derivative  therefore  enables  us  to  exclude  Formula  II  and  come 
to  a  decision  that  the  curative  forms  of  all  the  hydroxypyridines 
possess  a  structwe  best  represented  by  formulas  of  tjrpe  V,  a 
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conclusion  which  is  confinned  by  further  evidence  presented  later 
in  this  paper.^ 

If  j3-hydroxypyridine  exists  in  twp  forms  and  the  structure  of 
the  curative  modification  is  of  type  V  it  is  safe  to  predict  the 
existence  of  a  second  methyl  derivative  VII  (7).  A  further  study 
of  the  chemical  and  physiological  properties  of  ^-hydroxypyri- 
dine  is  in  progress  and  all  experimental  data  regarding  it  will  be 
reserved  for  later  publication. 

Structure  of  Noiir-Curative  Modifications, — ^Pending  furth^ 
work  the  structure  of  the  non-curative  forms  of  the  hydroxypjrr- 
idines  and  the  alkyl  pyridones  remains  in  doubt.  We  may 
reasonably  conclude  that  the  crystalline  non-curative  forms  of 
monohydroxypyridines  are  not  enols  since  they  do  not  instan- 
taneously absorb  bromine  in  cold  alcoholic  solution.  Whether 
they  are  derivatives  of  the  pyridone  (II)  or  of  the  para-  (III)  or 
of  the  ortho-  (IV)  quinpnoid  type  it  is  impossible  to  say,  though 
the  predominance  of  para-qumonoids  in  the  benzene  series  would 
argue  in  favor  of  Formula  III.  Formula  VI  seems  altogether 
improbable.  In  view  of  the  experimental  evidence  described  in 
the  literature,  supplemented  by  phjrsiological  tests  referred  to 
in  the  experimental  part  of  this  paper,  it  seems  probable  that 
methylpyridone  exists  in  a  betame-like  form  (V)  and  also  in  the 
form  of  a  hydrate  (VIII)  or  possibly  an  isomer  (IX)  or  both. 
The  diflSculty  with  which  the  substance  is  freed  from  water 
suggests  the  hydrate  (8). 


^  It  will  be  imderstood  that  the  possible  imperfections  of  the  conven- 
tional methods  of  representing  chemical  structure  are  not  taken  into  ac- 
count in  this  conclusion.  There  is  much  to  suggest  that  the  dimorphism  of 
a-hydroxy pyridine  may  be  akin  to  what  has  been  loosely  called  ''physical 
isomerism.''  In  the  writer's  opinion  this  conception  is  in  itself  a  contra- 
diction in  terms.  If  two  solid  modifications  of  any  substance  such  as 
tin  or  phosphorus  possess  different  proportions  of  free  or  available  energy, 
they  must  differ  from  one  another  structurally.  In  the  absence  of  evi- 
dence to  the  contrary  the  free  chemical  energy  must  be  presumed  to  arise 
from  the  same  source  as  do  those  forces  which  we  speak  of  as  valences. 
That  is  to  say,  the  free  energy  must  be  in  the  molecule,  not  deposited  upon 
it. 
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Betaine-Ldke  Character  of  the  Curative  Farm, — If  the  structure 
of  the  curative  form  of  a-hydroxypyridine  is  indicated  in  Formula 
V  it  is  essentially  a  betaine.  Experimental  results  indicate  that 
there  is  an  analogy  between  the  two  crystalline  forms  of  a-hy- 
droxypyridine  on  the  one  hand  and  the  a-amino-acid  esters  and 
their  corresponding  betaines  on  the  other  in  respect  to  their  mu- 
tual convertibility  at  various  temperatures.  Willstatter  (9)  has 
found  in  the  case  of  the  methyl  ester  of  dimethylamino-acetic 
acid  and  the  isomeric  betaine  that  both  forms  are  stable  below 
135*;  between  135*  and  293*  the  betaine  form  exists  to  the  ex- 
clusion of  the  ester,  and  above  293*  the  ester  becomes  more  stable 
than  the  betaine.  A  similar  relation  according  to  Willstatter 
exists  in  all  the  a-betaines.  In  a-hydroxypyridine  the  inter- 
conversion  of  the  two  forms  apparently  takes  place  with  greater 
ease  than  the  rearrangements  studied  by  Willstatter  but  are 
probably  of  a  similar  nature,  as  the  former  involves  the  shift  of 
a  relatively  labile  hydrogen  atom  as  compared  with  the  less 
mobile  alkyl  groups  with  which  Willstatter  was  concerned.  The 
conversion  of  methylpjnridones  into  corresponding  methoxy- 
pyridines  by  heat  (10)  also  presents  a  close  analogy  to  o-betaines 
in  which  the  methyl  group  may  similarly  migrate  from  nitrogen 
to  oxygen.  The  hypothetical  formation  of  a  hydrate  of  methyl- 
pyridone  in  water  solution  also  conforms  to  the  chemistry  of 
betaines. 

In  view  of  this  similarity  it  seemed  wise  to  attempt  a  physio- 
logical study  of  some  compounds,  the  betaine  structure  of  which 
is  generally  accepted.  Some  years  ago  the  author  made  a  few 
tests  of  the  antineimtic  properties  of  trigonelline  (hydrate)  which 
resulted  entirely  negatively  (11).  Drummond  and  Funk  (12)  also 
reported  that  betaine  (trimethyl  glycine)  salts  are  devoid  of  cura- 
tive action.  But  on  closer  inspection  it  will  be  seen  that  these 
experiments  are  not  conclusive  evidence  on  the  point  in  question, 
since  in  the  classes  of  betaines  as  a  whole  the  characteristic  be- 
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taine  ring  is  not  known  to  persist  in  water  solution  nor  in  the  hy- 
drated  crystalline  forms,  and  certainly  does  not  exist  in  the  salts 
of  these  bases  (13).  Betaines  are  essentially  anhydrides  which 
take  up  water  (or  acids)  with  greater  or  less  ease.  In  view  of  this 
fact  it  seemed  unlikely  that  any  antineuritic  properties  which 
the  commoner  betaines  might  possess  in  the  anhydride  form  could 
actually  be  demonstrated,  since  physiological  processes  take  place 
in  aqueous  media.  Notwithstanding  this  obvious  di£Sculty  a 
few  birds  were  treated  by  the  expeditious  injection  of  freshly 
made  cold  water  solutions  of  dehydrated  trigonelline  and  betaine. 
The  results  obtained  with  trigonelline  under  these  conditions  were 
inconclusive.  With  betaine  it  was  foimd  possible  to  effect  sub- 
stantial improvement  or  practicaDy  complete  cures  of  the  para- 
l3rtic  symptoms  in  nearly  all  cases,  so  that  no  doubt  can  exist  that 
the  substance  is  curative  to  a  degree  at  least  as  long  as  the  anhy- 
dride form  persists. 

The  Feature  Essential  to  Antineuritic  Properties. — ^The  curative 
action  of  betaine  is  important,  first,  in  confirming  the  structure 
of  the  curative  form  of  the  hydroxjrpyridines  and,  second,  in 
showing  that  a  labile  hydrogen  atom  is  not  essential  to  such 
properties.  That  a  subordinate  or  negligible  r61e  is  played  by  the 
labile  hydrogen  atom  is  further  indicated  by  the  results  obtained 
with  methylpyridone  and  trigonelline.  The  distinct  beneficial 
effects  upon  pol3nieuritis  of  betaine  as  well  as  of  allantoin  and 
certain  piuines  and  pyrimidines  (14),  and  the  evidence  cited  in 
the  second  paper  of  this  series  bearing  on  the  antineuritic  proper- 
ties of  adenine  (15),  indicate  that  the  pyridine  ring  is  not  requi- 
site to  some  such  physiological  properties.  Judging  from  cura- 
tive tests  alone  one  might  infer  that  a  betaine-like  structure  is 
an  essential  and  highly  important  feature  of  natural  ''vitamines.'' 
However,  attempts  to  protect  birds  against  polyneuritis  by  the 
regular  administration  of  methylpyridone,  trigonelline,  or  betaine 
have  failed.  This  suggests  that  the  response  of  polyneuritic 
birds  to  treatment  with  such  substances  is  a  phenomenon  not 
intimately  connected  with  true  antineuritic  action.  But  such  a 
view  seems  less  reasonable  than  that  the  failure  of  the  synthetic 
substances  in  protective  experiments  is  due  to  the  extreme  in- 
stability of  their  active  forms,  their  toxicity,  or  other  properties 
which  render  them  incompletely  adaptable  to  the  uses  of  the 
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animal  oi^anism.  Accordingly^  it  is  assumed  as  a  working  hy- 
pothesis that  such  a  betaine-like  structiu^  constitutes  an  essen- 
tial part  of  ''vitamine"  molecules. 

DisiribvJtion  of  Betaine-ldke  Ring  in  Nature. — K  this  reason- 
ing proves  to  be  correct,  it  will  still  fail  to  assist  greatly  in  estab- 
lishing the  identity  of  the  natural  ''vitamines/'  for  a  betaine-like 
8tructiu*e  is  theoretically  possible  in  a  large  proportion  of  the 
known  nitrogenous  constituents  of  animal  tissue.  It  may  exist 
in  any  substance  containing  a  basic  nitrogen  atom  in  the  prox- 
imity of  a  labile  hydrogen  atom  of  an  alcohol,  phenol,  carboxyl, 
or  amino  group.  Aside  from  the  amino-acids  and  their  alkyl 
substitution  products,  for  many  of  which  both  betaine  and  straight 
chain  modifications  have  been  proven,  there  is  another  much 
larger  class  of  compounds  in  which  a  betaine  structure  is  possible. 
It  includes  all  the  amino  and  oxy  derivatives  of  cyclic  nitrogen 
compounds,  of  which  the  oxypyrimidines  may  be  regarded  as 
representative.  In  some  of  these  substances  a  shifting  of  hy- 
drogen from  oxygen  to  nitrogen  has  been  proven  by  the  forma- 
tion of  both  oxygen  and  nitrogen  ethers.  This  form  of  tautom- 
erism  commonly  has  been  expressed  as  follows: 

N-C-OH  HN-C  =  0 

II       II 


However,  all  the  facts  would  be  accounted  for  equally  well  by 
the  assmnption  of  the  existence  of  the  following  modifications: 

O 

/\ 
N-C-OH  HN  -  C 

II       II  II 


In  most  instances  no  purely  chemical  means  would  be  ade- 
quate to  determine  which  conception  is  correct  and  neither  can 
be  dismissed  as  improbable.  Modifications  of  either  or  both 
types  may  exist.  The  work  of  Hans  Meyer  (16),  of  Geake  and 
Nierenstein  (17),  and  of  Griess  (18),  and  the  polymorphism  of 
pseudo  conhydrine  (19)  and  4-phenyl-isocytosine  (20)  are  of  in- 
terest in  this  connection.  To  determine  definitely  in  what  com- 
pounds and  under  what  conditions  betaine  modifications  actually 
exist  may  require  many  years  of  work.    To  decide  which  of  such 
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compounds  are  sufficiently  stable  to  be  absorbed  unchanged  from 
the  alimentary  tract  may  prove  another  equally  difficult  prob- 
lem. Progress  in  both  cases  would  be  greatly  facilitated  by  the 
discovery  of  some  physical  means  of  detecting  the  betaine 
linking. 

Nicotinic  Acid. — ^While  it  is  probable  that  most  potential 
betaines  do  not  function  as  "vitamines''  in  our  foodstuffs,  the 
assumption  that  the  "vitamines"  invariably  belong  to  a  narrowly 
restricted  group  of  compounds  is  without  adequate  foundation. 
Evidence  has  been  found  suggesting  that  an  isomeric  form  of 
adenine  is  responsible  for  antineuritic  .properties  in  a  certain 
fraction  of  autolyzed  yeast  (15).  Should  this  prove  to  be  cor- 
rect the  writer  still  would  not  presiune  that  such  a  form  of  ade- 
nine is  necessarily  the  only  antineuritic  substance  in  yeast,  much 
less  in  all  nature. 

Vedder  and  Williams  (21)  fractioned  the  filtrate  from  the  de- 
composed phosphotungstates  of  hydrolyzed  extract  of  rice  pol- 
ishings  by  precipitating  with  silver  nitrate,  first  in  neutral  solu- 
tion (piuine  fraction)  and  second  in  alkaline  solution  (Funk's 
"vitamine"  fraction).  The  filtrate  from  the  second  predfHtate 
constituted  a  third  fraction.  All  these  fractions  protected  fowls 
from  polyneuritis,  although  only  the  second,  or  "vitamine" 
fraction,  produced  prompt  cures  of  the  disease.  They  recorded 
their  conclusions  as  follows:  "Therefore  it  appears  certain  that 
there  are  several  groups  of  chemical  substances  that  are  capable 
of  protecting  fowls  against  pol3aieiiritis  gallinarum." 

This  is  of  particular  interest  in  view  of  the  obvious  discrepancy 
in  elementary  composition  between  adenine  and  the  substances 
obtained  by  Funk  from  his  "vitamine"  fraction  of  3reast  and  rice 
polishings.  Adenine  contains  more  than  50  per  cent  of  nitrogen 
while  the  relatively  pure  crystalline  substances  from  Funk's 
fraction,  among  which  was  nicotinic  acid,  contained  only  10  to 
12  per  cent  of  this  element.  The  possibiUty  that  the  curative 
substance  in  Funk's  "vitamine"  fraction  was  actually  a  deriva- 
tive of  a  tautomeric  form  of  adenine  seems  very  remote.  In 
view  of  these  considerations  one  can  hardly  escape  the  feeling 
that  the  presence  of  nicotinic  acid  in  considerable  proportions  in 
Funk's  "vitamine^'  fraction  of  both  yeast  and  rice  polishings  is 
not  accidental,  and  that  Funk's  conjecture,  "It  is  not  unlikely 
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that  nicotinic  acid  is  a  decomposition  product  of  the  vitamine" 
(22)  had  some  foundation  in  fact. 

Tumau  (23)  has  described  a  series  of  basic  salts  of  the 
a-  and  7-pyridine  carboxylic  acids  and  their  methyl  betaines. 
Thus  a  water  solution  of  picolinic  acid,  to  which  is  added  an 
excess  of  hydriodic  acid,  on  evaporation  deposits  a  well  defined 
basic  hydriodide  to  which  Tumau  assigned  the  formula  X.  That 
is,  he  r^ards  it  as  the  hydriodide  of  picolinic  acid  picolinate. 
The  corresponding  methyl  derivative  XI  possesses  an  obvious 
resemblance  to  a  betaine. 
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Tumau  did  not  succeed  in  preparing  such  derivatives  of  nico- 
tinic acid  but  his  work  suggested  the  possibility  of  the  existence 
of  an  isomer,  polymer,  or  simple  derivative  of  nicotinic  acid  in 
which  the  carboxyl  group  exists  as  a  betaine  ring.  Whether  or 
not  Tumau's  formulas  are  correct,  if  the  aliphatic  a^amino-acids 
under  any  conditions  have  the  stmcture  XII,  there  is  no  theo- 
retical obstacle  to  the  existence  of  nicotinic  acid  in  the'  form 
represented  by  XIII,  either  free  or  in  some  simple  combination, 
especially  since  both  the  methyl  betaine  and  methyl  ester  of 
nicotinic  acid  are  known. 


H,N-CH,-C=0 
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Accordingly,  endeavors  were  made  to  convert  nicotmic  acid 
into  an  antineiiritic  form.  On  decomposing  nicotinic  acid  hy- 
driodide with  silver  oxide  (24),  the  filtrate  from  the  silver  halide 
was  found  to  possess  marked  ciu*ative  properties.  These  results 
are  such  as  to  encourage  further  investigation  with  a  view  to  the 
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preparation  and  isolation  of  such  betaine  derivatives,  and  finally 
to  proving  or  disproving  the  "vitamine"  character  of  nicotinic 
acid  as  it  exists  in  certain  antineuritic  foodstuffs. 

EXPERIMENTAL  PART. 

Pigeons  were  used  as  experimental  animals,  polyneiuitis  being 
developed  by  feeding  exclusively  on  white  rice.  For  the  cura- 
tive experiments  described  below  birds  were  selected  which  had 
developed  characteristic  symptoms  of  the  disease  and  showed 
these  symptoms  continuously  in  a  severe  form  for  several  hours 
before  treatment.  This  was  done  since  it  has  been  found  that 
poljnieuritic  fowls  sometimes  suffer  from  mild,  brief,  or  inter- 
mittent attacks  of  paralysis  and  subsequently  recover  without 
treatment,  eventually  developing  chronic  symptoms  accompanied 
by  emaciation  and  general  weakness.  Birds  exhibiting  the 
chronic  form  of  the  disease  whether  {^receded  by  brief  acute  at- 
tacks or  developing  progressively  were  also  excluded,  since  such 
birds  cannot  be  treated  with  imiform  success  by  any  measures. 
Under  this  plan,  of  the  total  number  of  pigeons  fed  on  white 
rice,  only  about  60  per  cent  were  available  for  use,  the  losses 
including  those  birds  which  developed  acute  symptoms  and  died 
suddenly  and  those  which  failed  to  show  severe,  persistent  paraly- 
sis within  a  reasonable  time,  usually  about  35  da3rs.  The  birds 
varied  greatly  in  the  incidence  of  the  more  characteristic  type  of 
the  disease,,  a  fact  which  has  been  insufficiently  emphasized  in 
recent  Uterature.  The  writer  has  been  imable  to  form  a  definite 
opinion  as  to  the  correlation  of  this  incidence  with  the  age,  sex, 
appetite,  or  habits  of  pigeons,  or  with  the  precise  degree  of  de- 
cortication of  the  rice  used  for  feeding,  or  the  season  of  the  year 
chosen  for  experimentation.  Any  advantage  which  may  be 
gained  by  forced  feeding  appears  to  be  more  than  offset  by  the 
compUcations  resulting  from  stuffed  crops  and  excessive  rough 
handling. 

a-Hydroxypyridine. — Some  further  observations  (1)  have  been 
made  upon  the  conditions  imder  which  the  two  crystalline  forms 
of  a-hydroxypyridine  may  be  transformed  into  one  another.  If 
the  needle  form  is  desired,  it  has  been  foimd  advisable  to  heat 
the  pure  G-hydroxyiiicotinic  acid  used  for  its  preparation  in  an 
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oven  at  a  temperature  of  140°  for  several  hours.  The  acid  is 
then  distilled  in  a  flask  previously  thoroughly  dried  by  baking 
and  collected  in  a  dry  receiver  protected  from  the  moisture  of  the 
atmosphere  by  a  calcium  chloride  tube.  Under  these  conditions 
the  colorless  oily  distillate  remains  in  a  clear  fluid  state  for  some 
minutes,  especially  if  its  volume  is  large.  Crystallization  gradu- 
ally takes  place  largely  in  the  form  of  needles  often  2  or  3  cm.  in 
length.  Some  granular  crystals  have  always  been  obtained  even 
imder  these  conditions,  especially  in  the  first  few  drops  of  dis- 
tillate. That  part  of  the  mass  crystallizing  in  granules  is  opaque 
while  the  portions  in  which  needles  predominate  remain  semi- 
transparent  sometimes  for  days  and  detached  fragments  have  a 
sticky  character.  During  the  coiu*se  of  a  few  days  the  amoimt 
of  granular  crystals  grows  from  the  points  of  original  contamina- 
tion as  evidenced  by  the  spread  of  opacity  and  the  decrease  in 
the  stickiness  of  detached  crystals. 

Masses  of  either  modification  if  redistilled  (boiling  point  280- 
282°)  do  not  undergo  change  of  crystal  form  to  any  great  extent. 
This  would  seem  to  indicate  relative  stability  of  both  forms  at 
that  temperatiu*e.  On  the  other  hand,  if  the  granular  form  is 
fused  and  the  superfused  mass  is  kept  at  70-90°  till  crystalliza- 
tion is  complete,  the  needle  form  is  obtained  exclusively.  But 
if  by  sudden  cooling  to  lower  temperatures  the  deposition  of  the 
granular  form  once  begins  in  such  a  superfused  mass  the  whole 
mass  will  granulate  rapidly  and  any  needle  crystals  which  have 
previously  grown  in  the  magma  will  be  converted  almost  instan- 
taneously into  granular  aggregates  of  needle  shape,  indistinguish- 
able to  the  naked  eye  from  true  needle  crystals.  These  facts 
indicate  that  at  a  temperatiu*e  of  about  70-90°  the  needle  form 
is  the  more  stable.  On  the  other  hand,  at  room  temperatiu*e 
conditions  are  reversed  and  the  granular  form  is  stable,  as  will 

« 

be  seen  below. 

In  solution  the  relative  stability  of  the  two  forms  has  proven  a 
ba£3ing  problem.  From  solutions  of  either  form  in  ethyl  or  amyl 
alcohol,  chloroform,  or  ether  it  has  been  found  possible  to  ob- 
tain only  the  granular  form.  Crystallization  always  takes  place 
slowly  from  such  solvents  so  that  presumably  there  is  oppor- 
timity  for  rearrangement  during  the  process. 

If  either  form  is  dissolved  in  boiling  benzene,  and  ligroin  is 
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added  to  the  cooled  solution  a  milkiness  is  immediately  apparent 
(25).  If  crystallization  can  be  induced  within  a  few  mcnn^ts 
needles  will  predominate,  occasionally  to  the  exclusion  of  ibe 
granular  crystals.  For  some  unknown  reason  the  needle  crystals 
can  be  more  readily  obtained  in  considerable  proportions  when 
the  operation  of  recrystallization  is  carried  out  upon  several 
grams  of  substance  at  once.  If  crystallization  takes  place  slowly 
only  the  granular  t3rpe  is  obtained.  However,  commonly,  even 
with  the  greatest  care,  it  is  impossible  to  avoid  the  simultaneous 
formation  of  both  tsrpes.  When  this  occurs  the  needles  first 
formed  are  rapidly  converted  into  the  granular  condition  if  allowed 
to  remain  in  the  benzene-ligroin  mixture  and  especiaUy  if  stirred. 
Microscopic  fields  of  the  needle  t3rpe  slightiy  contaminated  with 
granular  crystals  have  frequently  been  seen  to  undergo  complete 
transformation  within  a  few  minutes  (Fig.  1).  Dr.  F.  E.  Wright 
of  the  Geophysical  Laboratory  kindly  examined  the  two  forms  oi 
crystals  and  watched  the  progress  of  this  transformation.  He 
spummarized  his  observations  as  follows: 

Stable  Farm, — ^This  occurs  either  in  irregularly  shaped  grains  or  in 
branching  aggregates  of  short  crystals  with  pyramidal  terminations  and 
so  grouped  that  the  crystals  intersect  at  right  angles.  Under  the  micro- 
scope each  cr3rstal  is  seen  to  be  twinned  in  such  manner  that  the  planes  of 
optic  axes  of  any  two  superimposed  twinned  portions  intersect  at  right 
angles.  No  cleavage  was  observed.  The  crystals  are  colorless  and 
strongly  birefracting.  The  refractive  indices  are  approximately:  a  »  1.61» 
y  ■>  1.78.  The  optic  axial  angle  2E  is  large,  at  least  140**;  optical  char- 
acter, negative ;  axial  dispersion  strong  2Ev  >2Er.  On  many  of  the  sections 
the  acute  bisectrix  and  one  optic  axis  appear  in  the  field  in  convergent 
polarized  light.  So  far  as  can  be  determined  the  interference  figure  shows 
a  symmetrical  distribution  of  the  interference  colors,  as  though  the  crystal 
system  were  monoclinic  with  inclined  dispersion.  Many  of  the  crystals 
contain  liquid  inclusions  with  movable  gas  bubble. 

Unstable  Form, — This  cr3r8talli£es  in  acicular  lath-shaped  crystals 
which,  however,  are  not  stable  in  the  solution  (t.e.,  a  benzene-ligroin  mix- 
ture) but  are  rapidly  dissolved  and  replaced  by  the  stable  form.  The 
process  of  inversion  appears  to  be  largely  one  of  actual  solution  with 
immediate  precipitation,  along  the  dissolving  crystal,  of  grains  of  the 
stable  form.  The  inversion  does  not  appear  to  be  a  direct  change  in  the 
crystal  state  from  the  unstable  form  to  the  stable  form.  The  optical  prop- 
erties so  far  as  determined  are:  optical  character,  negative;  extinction 
parallel  with  positive  elongation  and  with  plane  of  optic  axis  parallel  to 
elongation;  birefringence  medium  to  fairly  strong,  less  than  that  in  the 
stable  phase. 
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If  the  crystals  are  quickly  removed  from  the  benzene-ligroin 
mother  liquor  and  dried,  the  mixed  formd  persist  for  a  longer 
time,  but  even  in  a  solid  state  and  in  a  dry  atmosphere  the  con- 
version of  needles  into  granular  crystals  continues  to  occur, 
though  at  a  much  reduced  rate.  The  needles  become  merely 
roughly  needlenshaped  granular  aggregates  in  the  course  of  a  few 
da3rs  or  at  most  weeks.  Intimate  mixiag  of  the  two  forms  appears 
to  hasten  the  change,  which  seems  to  proceed  from  points  at  which 
granular  crystals  exist.  Accordingly,  the  rate  of  change  varies 
over  a  wide  range. 

Water  solutions  of  the  needles  remain  physiologically  active 
for  at  most  only  a  few  da3rs  when  kept  at  ordinary  temperatures. 
At  boiling  heat  the  curative  property  disappears  promptly. 
When  such  solutions,  whether  old  or  freshly  prepared,  are  evapo- 
rated, a  residual  syrup  remains  which  solidifies  to  a  crystalline 
mass.  If  cr3rstallization  takes  place  at  ordinary  temperature  in 
a  desiccator  the  cr3rstaUine  substance  is  non-curative,  but  if 
maintained  at  70-90**  the  syrup  slowly  deposits  needles  which  are 
curative.  The  granular  crystals  may  be  dried  at  ordinary  tem- 
peratiure  over  phosphorus  pentoxide  but  do  not  thereby  become 
curative.  Both  forms  of  cr3rstals  appear  to  melt  at  106-107* 
and  admixture  of  the  two  forms  does  not  depress  the  melting 
point.  Probably  the  two  modifications  do  not  actually  possess 
the  same  melting  point  but  no  distinction  can  be  made  because 
the  substances  are  interconvertible.  The  polymorphism  of  the 
compound  has  a  striking  resemblance  to  that  of  conhydrine  and 
pseudo  conhydrine  (19),  and  transformations  take  place  with 
such  ease  as  to  make  impossible  a  chemical  differentiation  of  the 
hypothetical  isomeric  modifications.  Even  the  preparation  and 
isolation  of  the  metastable  form  require  conditions  beyond  the 
complete  control  of  the  experimenter  who  must  expect  failures 
more  frequently  than  successes.  The  tendency  of  the  stable 
modification  to  form  acicular  aggregates  is  very  deceptive.  Ob- 
servation under  crossed  Nicol  prisms  is  useful  for  the  detection  of 
this  phenomenon.  Persistence  of  crystal  form  when  moistened 
with  a  benzene-ligroin  mixture  may  also  be  taken  as  satisfac- 
tory evidence  of  the  presence  of  the  stable  phase. 

An  amount  of  the  needle  crystals  was  obtained  in  apparently  a 
nearly  pure  condition  by  crystallization  from  benzene  and  li- 
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groin,  as  above  described.  The  crystals  were  quickly  collected 
on  a  suction  filter,  wadhed  with  petroleum  ether,  and  dried  for  an 
hour  in  vacuo  over  sulfiuic  acid  and  parafSn.  A  weighed  samfde 
was  used  for  the  determination  of  the  molecular  weight  by  the 
depression  of  the  freezing  point  of  water. 

0.5200  gm.  substance  in  9.6164  gm.  of  water  depressed  the  freesing 
point  O.SeS"".  Molecular  weight  found:  108.9.  Calculated  for  CfHiNO: 
96.05. 

This  determination  is  in  substantial  agreement  with  one  made 
by  Koenigs  and  Geigy  (25)  by  the  vapor  density  method.  The 
crystal  form  of  the  substances  as  described  by  these  authors 
was  that  of  needles. 

After  completion  of  the  cryoscopic  determination  a  portion  of 
the  solution  used  for  this  piu*pose  was  administered  to  a  poly- 
neuritic pigeon  by  injection.  A  dose  of  1  mg.  of  substance  had 
completely  relieved  the  paralysis  by  the  following  morning. 

A  sample  of  the  granular  form,  prepared  by  crystallization  from 
benzene  and  Ugroin  as  above  described  was  washed  with  petro- 
letun  ether,  pressed  between  filter  papers,  kept  in  vacuo  over 
parafl^  for  24  hours,  and  dried  over  phosphorus  pentoxide  for  a 
week. 

In  a  solution  of  0.3787  gm.  substance  in  9.1535  gm.  of  water  a  depres- 
sion of  the  freezing  point  of  0.744^  was  observed.  Molecular  weight  found: 
106.4.    Calculated  for  CiHsNO:  95.05. 

Doses  of  2  mg.  of  these  crystals  were  administered  to  each  of 
two  polyneuritic  pigeons  by  intramuscular  injection.  No  im- 
provement ensued  and  both  birds  died  within  24  hours. 

Nitrogen  determinations  on  both  forms  were  made  by  the 
Kjeldahl-Gunning-Amold  method  under  conditions  which  have 
been  found  satisfactory  for  the  determination  of  nitrogen  in  a 
variety  of  pyridine  derivatives.^  The  results  did  not  agree  very 
satisfactorily,  suggesting  that  the  substances  were  not  completely 
dried  by  the  methods  used.  However,  since  more  than  14  per 
cent  of  nitrogen  was  found  in  duplicate  determinations  upon 

*  Personal  communication  of  Dr.  E.  K.  Phelps  and  Mf.  H.  W.  Daudt 
of  the  Bureau  of  Chemistry.  These  determinations  were  kindly  made  by 
Mr.  Daudt. 
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each  modification,  it  is  apparent  that  neither  is  a  hydrate.  This 
is  further  shown  by  their  interconvertibility  in  the  absence  of 
water. 

It  is  impossible  to  predict  accurately  the  onset  of  polyneiuitis 
in  birds  or  to  keep  them  aUve  very  long  after  the  severe  symp- 
toms have  appeared,  and  the  preparation  and  preservation  of  pure 
and  well  defined  crystal  forms  of  o-hydroxypyridine  are  equaUy 
precarious  undertakings;  consequently  the  ph3fsiological  tests  of 
these  substances  presented  many  difficulties.  However,  the -Rid- 
ings recorded  in  a  previous  paper  (1)  have  been  verified  in  every, 
practicable  way  by  curative  tests,  so  that  no  doubt  can  remain 
that  the  antineuritic  properties  are  associated  only  with  the 
needles. 

An  attempt  was  made  to  conduct  a  protective  experiment 
with  the  needle  form  on  pigeons  fed  on  white  rice.  The  neces- 
sity of  making  repeated  attempts  to  obtain  small  amounts  of  the 
pure  needle  form  daily  involved  so  much  labor  that  the  experi- 
ment was  discontinued  after  3  days.  Four  pigeons  (Nos.  137  to 
140,  inclusive)  were  fed  with  white  rice  and  given  by  mouth  5  mg. 
daily  of  the  granular  form.  Within  3  da3rs  the  birds  were  seen 
to  be  slightly  stupid  as  compared  with  controls.  On  the  8th 
day  the  feathers  of  all  the  birds  were  ruffled  and  they  stood  in 
dejected  attitudes.  On  the  9th  day  Nos.  137  and  139  from  time 
to  time  were  seized  with  violent  attacks  of  vomiting.  The 
pupils  of  the  eyes  were  dilated,  tremors  were  frequent,  and 
breathing  was  slow  and  labored.  The  other  two  birds  also  showed 
mild  tremors  and  dyspnea.  The  following  day  Nos.  137  and  139 
were  in  a  paralyzed  condition  indistinguishable  from  the  acute 
type  of  polyneiuitis,  except  that  the  birds  at  times  continued 
to  show  the  symptoms  of  the  previous  day.  No.  139  died  in  this 
condition  on  the  10th  day.  No.  137  was  treated  with  autolyzed 
yeast  filtrate  and  on  the  following  day  was  less  affected  by  pa- 
ralysis but  remained  in  a  semicomatose  condition  for  5  da3rs  and 
died  without  further  notable  change.  After  11  days  on  white 
rice  Birds  138  and  140  also  showed  some  paresis  as  indicated  by 
drooping  of  the  wings  and  a  tendency  to  stumble  in  walking. 
The  administration  of  a-hydroxypyridine  to  the  birds  was  dis- 
continued and  both  the  remaining  pigeons  temporarily  improved, 
although  the  diet  of  white  rice  was  continued.    Bird  138  died 
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on  the  23rd  day  with  typical  symptoms  of  pol3meuritiB  and  No. 
140  on  the  40th  day  with  mild  chronic  paral3r8iB  and  in  a  condi- 
tion of  extreme  weakness.  The  rate  of  loss  of  weight  in  all  these 
birds  did  not  differ  materially  from  that  commonly  observed  in 
pigeons  fed  on  white  rice  alone. 

Measurements  were  made  daily  of  the  rectal  temperatures  of 
these  birds  from  the  8th  to  the  14th  day.  The  observations  are 
shown  in  Table  I. 

TABLE  I. 

Rectal  Temperatures  {**C,)  of  Birds  Fed  on  Wkite  Rice  ad  libitum  +  5  Mg» 

Daily  of  the  Oranular  Form  of  ct-Hydroxypyridine, 


Durof 
Axpflnmcnt. 

No.  187. 

No.  1S8. 

No.  180. 

No.  140. 

AT«nc0of  6 

oootrob. 

8th 

40.1 

41.3 

40.8 

42.1 

42.1 

9th 

38.9 

41.3 

40.6 

41.7 

10th 

39.9* 

40.1 

Dead. 

41.3 

42.2 

11th** 

40.8 

39.4 

40.1 

41.8 

12th 

39.9 

39.6 

40.1 

41.7 

13th 

40.8 

40.8 

40.3 

14th 

Dead. 

41.2 

41.3 

42.0 

*  Beceime  sick  and  was  treated  with  autolysed  yeast. 
••  Hydroxypjrridine  discontinued. 

It  will  be  observed  that  the  temperatm^  fell  from  day  to  day 
as  long  as  the  treatment  with  a-hydroxyp3rridine  was  continued, 
but  later  gradually  rose  again  in  the  case  of  the  two  birds  which 
continued  on  white  rice  alone  as  well  as  Bird  137  which  was 
treated  with  autolyzed  yeast  filtrate.  A  progressive  fall  of  rectal 
temperature  has  been  observed  in  scores  of  birds  after  being  fed 
on  white  rice  in  this  laboratory  for  15  days  or  more.  The  extent 
to  which  the  temperature  drops  is  variable,  being  greatest  when 
the  development  of  pol3aieuritis  is  retarded,  and  is  attended  by 
much  emaciation.  Although  the  rectal  temperature  of  healthy 
pigeons  also  is  variable,  under  laboratory  conditions  it  is  not  far 
from  42*^C.  In  contrast,  a  number  of  birds  in  a  condition  of 
chronic  polyneuritis  have  been  found  to  show  rectal  temperatures 
from  34-36'^  after  30  to  50  days  on  white  rice.  However,  the 
development  of  early  and  sudden  severe  attacks  of  polyneiuitis 
in  pigeons  which  are  not  markedly  emaciated  also  often  is  attended 
by  a  rapid   fall   of  rectal   temperature.    Following  successful 
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treatment  with  a'-hydroxypyridine  or  with  autolyzed  yeast  the 
temperature  often  rises  1-2^  in  the  course  of  a  few  hours,  but  has 
not  been  seen  to  go  above  normal.  Such  observations  were  first 
made  nearly  2  years  ago,  but  no  opportunity  has  arisen  for  mak- 
ing a  study  of  the  causes  of  the  phenomenon,  although  it  would 
seem  to  be  worthy  of  thorough  investigation.  In  this  connec- 
tion attention  is  called  to  the  rises  above  normal  temperature 
following  successful  treatment  of  human  beri-beri,  reported  by 
Williams  and  Saleeby  (26). 

Whatever  the  significance  of  the  rise  and  fall  of  temperature,  it 
will  be  noted  that  such  a  fall  appears  to  be  accentuated  by  ad- 
ministration of  the  granular  form  of  a-hydroxyp3rridine.  The  ex- 
periment above  described  would  seem  to  add  weight  to  the 
impression  previously  recorded  that  the  granular  form  of  a-hy- 
droxypyridine  is  more  detrimental  to  polyneuritic  pigeons  than 
to  healthy  ones.  In  any  case  it  seems  certain  that  a^hydroxy- 
P3nridine  ultimately  exerts  a  toxic  action  since  symptoms  develop 
which  are  not  commonly  found  in  polyneuritis. 

ot-Meihoxypyridine. — a-Methoxypyridine  was  prepared  from 
a-hydroxypyridine  according  to  the  directions  of  Pechmann  and 
Baltzer  (2).  The  substance  conformed  to  the  description  of 
these  authors.  Polyneuritic  pigeons  (Nos.  43,  44,  45,  and  46) 
were  treated  by  intramuscular  injection  of  5,  2,  2,  and  0.5  mg. 
of  o-methoxypyridine  in  aqueous  suspension.  All  four  birds 
were  rapidly  prostrated  and  in  each  case  within  20  minutes  were 
apparently  insensible.  No.  43  died  after  80  minutes.  No.  44 
after  35,  and  No.  45  after  75  minutes.  After  a  few  hours  No. 
46  recovered  partly  from  the  earlier  prostration  and  lived  for  24 
hours,  but  without  any  relief  of  the  paralytic  symptoms. 

a-Methylpyridone. — ^This  substance  was  first  prepared  from 
a-hydroxypyridine  by  the  method  of  Pechmann  and  Baltzer  (2). 
A  portion  of  the  product  as  liberated  from  water  solution  by 
saturation  with  potassium  carbonate  was  used  for  treating 
polyneuritic  pigeons  Nos.  61  and  62.  No  improvement  resulted 
and  the  birds  died  the  following  night.  The  remainder  of  the 
product  was  dried  over  calcimn  oxide  and  distilled  (boiling  point 
250**).  Polyneuritic  pigeon  No.  64  received  an  injection  of  a 
freshly  made  water  solution  of  4  mg.  of  this  preparation.  After  2 
hours  the  bird  was  relieved  of  neck  retraction  and  was  able  to 
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walk  a  few  steps.  It  maintained  a  constant  weight  for  3  days 
and  gained  markedly  in  strength  and  activeness.  On  the  4th 
day  paralysis  redeveloped  and  death  ensued  on  the  5th  day. 

Unfortunately  an  accident  resulted  in  the  loss  of  the  remainder 
of  this  preparation  of  methylpyridone.  A  second  quantity  was 
prepared,  by  the  method  of  Decker  (8),  by  the  oxidation  of 
P3rridine  methyl  iodide  with  potassiimi  ferricyanide.  The  oil 
was  dried  over  calcium  oxide  and  distilled  (boiling  point  250^). 
In  Table  II  the  freshly  dehydrated  product  is  designated  as 
"dehydrated."  The  oil  was  kept  in  a  cork-stoppered  tube  for 
4  months  awaiting  a  convenient  opportimity  for  further  testa. 
In  Table  II  this  product  is  designated  as  ''hydrated"  since  it 
was  subsequently  found  to  have  absorbed  moisture.  A  portion 
was  again  dried  over  calcium  oxide  and  redistilled.  It  was  used 
fresh  and  is  designated  "redistilled"  in  Table  II,  which  contains 
a  simmiary  of  the  results  of  the  physiological  tests.  In  all 
cases  a  drop  of  the  oil  was  weighed  into  a  dry  tube.  A  meas- 
ured amount  of  cold  water  was  added,  the  ifolution  taken  up 
in  a  syringe,  and  an  aliquot  injected  intramuscularly  within  a 
few  moments. 

As  will  be  noted  the  number  of  cases  in  which  improvement 
occurred  in  birds  treated  with  freshly  dehydrated  methylpyri- 
done was  five,  as  against  two  apparent  failures.  Only  one  bird, 
No.  148,  could  be  said  to  have  shown  a  change  of  condition  at  all 
comparable  to  that  produced  by  autolyzed  yeast.  The  remsdn- 
der  though  distinctly  improved  remained  dejected.  No  sub- 
stantial increases  in  weight  were  noted  in  any  of  the  birds. 

Nine  birds  were  fed  on  white  rice  ad  libitum  and  in  addition 
each  daily  received  by  mouth  2  mg.  of  methylpyridone  in  the 
form  of  a  freshly  prepared  water  solution.  After  20  days  the  ad- 
ministration of  methylpyridone  was  discontinued  and  all  the 
birds  remaining  at  that  time  temporarily  improved  markedly 
in  general  condition.  It  was  evident  that  the  general  health  of  the 
birds  was  adversely  aflfected  by  the  treatment.  Five  birds,  of 
which  two  had  typical  symptoms  of  polyneuritis,  died  in  14,  26, 
28,  28,  and  30  days  respectively.  The  remaining  4  were  alive 
but  extremely  emaciated  at  the  end  of  40  days,  when  the  experi- 
ment was  discontinued. 


R.  R.  Williams 


513 


TABLE  n. 
Action  of  a-Methylpyridone  on  Poljfneuritie  Pigeont. 
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Symptoms. 
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Treatment. 

Post-treatment 
condition. 

•2  . 

•si 

•H 
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per 
cent 
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75 

42 

Mild  chronic 
paralysis, 
very  weak. 

44 

5mg 

.  "dehydrated." 

No  change. 

3 

76 

29 

Severe  paral- 
ysis,    neck 
retraction. 

38 

5  " 

« 

Neck  not  re- 
trac  ted; 
could  stand 
but    not 
walk    next 
day. 

3 

101 

26 

« 

35 

5  " 

"hydrated." 

Dead       next 
day. 

104 

20 

Severe  paral- 
ysis, inter- 
mi  1 1 en  t 
neck       re- 
traction. 

27 

5  " 

ti 

Slightly    im- 
proved. 

5 

105 

20 

Severe  paral- 
ysis. 

25 

5  " 

It 

Worse. 

1 

108 

42 

Completely 
paralysed, 
very  weak. 

42 

5  " 

It 

tt 

2 

117B 

Severe  paral- 
ysis. 

5  " 

"redistilled." 

Distinct    im- 
provement 
for  2  days. 
Otherwise 
treated  af- 
ter 4  days. 

148 

20 

Severe  paral- 
3rsis,     neck 
retraction. 

20 

5  " 

« 

Complete  re- 
c  0  V  e  r  y 
from  paral- 
ysis   in     2 
days. 

8 
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TABLE  U'-Concluded, 
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Symptom*. 
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Treatment. 

Poat-traatment 
condition. 
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J 
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cent 
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173 

30 

Very      weak 
and        de- 
jected,   in- 
termittent 
spastic  at- 
tacks. 

26 

5mg 

.  ^'redistUled.'' 

Free        from 
spasticity 
next     day; 
stronger 
and     more 
vigorous  on 
2nd  day. 

6 

200 

24 

Severe  paral- 
ysis. 

35 

10  " 

« 

Dead       next 
day. 

207 

24 

« 

34 

10  " 

« 

Intermittent- 
ly   spastic 

4 

K 

5  " 

« 

• 

on  2nd  day. 
Still  further 
*    improved 
on  3rd  day. 
Two   doses 
were  given 
on    succes- 
sive days. 

Trigonelline, — Nicotinic  acid  methyl  iodide  was  shaken  in 
water  solution  with  silver  oxide  (24)  and  the  resulting  trigonel- 
line hydrate  was  shaken  out  with  chloroform  and  crsrstallised 
from  alcohol  and  then  from  water.  On  drying  at  100**  the  hy- 
drate lost  one  molecule  of  water.  The  hydrate  was  administered 
to  poljrneuritic  pigeons  Nos.  78  and  79  without  result.  Seven 
birds  (Nos.  80/81,  113,  162,  172,  192,  197)  received  injecticMis 
of  2  to  10  mg.  of  the  dehydrated  trigonelline,  administration 
being  effected  under  the  same  conditions  as  in  the  case  of  methyl- 
pyridone.  It  seems  unnecessary  to  tabulate  the  results  in  detail. 
They  may  be  simmiarized  as  follows:  No.  80,  after  a  dose  of  3 
mg.  recovered  completely  from  paralysis  in  the  course  of  10  hours, 
remained  hvely  and  active  for  3  days,  and  died  on  the  7th.     Nos. 
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162  and  172  improved  markedly  under  similar  conditions  but 
lived  only  3  days,  without  recovering  complete  muscular  con- 
trol. The  remainder  showed  no  improvement.  There  was  no 
gain  in  weight  in  any  of  the  individuals,  though  No.  80  main- 
tained constant  weight  for  4  days. 

Six  birds  were  fed  on  white  rice  and  given  by  mouth  5  mg. 
each  daily  of  dehydrated  trigonelline.  The  birds  died  with  evi- 
dences of  polyneuritis  in  27,  34,  41,  41,  46,  and  46  dajrs  respec- 
tively. Life  may  have  been  prolonged  somewhat,  but  other- 
wise the  course  of  the  disease  did  not  appear  to  be  materially 
altered  by  the  treatment. 

Betaine. — ^A  quantity  of  betaine  hydrochloride  (Kahlbaum's) 
was  treated  with  sufficient  sodium  carbonate  to  combine  with  the 
hydrochloric  acid  present.  The  solution  was  evaporated. to  dry- 
ness, the  residue  taken  up  in  absolute  alcohol,  and  the  resulting 
free  betaine  recr3rstallized  from  alcohol  and  dehydrated  at  110**. 
Table  III  shows  the  results  obtained  by  the  expeditious  injec- 
tion of  freshly  prepared  water  solutions  of  the  dehydrated  be- 
taine. Only  in  one  case  did  treatment  with  dehydrated  betaine 
fail  to  effect  substantial  improvement,  and  there  is  reason  to 
suspect  that  repetition  of  the  treatment  would  have  led  to  suc- 
cessful results  in  this  case. 

Eight  birds  were  fed  on  white  rice  ad  libitum.  On  alternate 
days  each  received  an  injection  of  5  mg.  of  betaine  in  the  form 
of  a  freshly  prepared  water  solution.  Definite  polyneuritic 
S3rmptoms  appeared  in  one  bird  after  21  da3rs  in  the  form  of  mild 
lameness,  which  varied  greatly  from  day  to  day  in  severity. 
Death  followed  15  da3rs  after  the  first  appearance  of  the  symp- 
toms. A  second  bird  died  with  typical  symptoms  on  the  34th 
day,  while  a  third  and  fourth  were  found  dead  on  the  34th  and 
37th  days  without  having  shown  definite  neuritis.  The  remaining 
four  birds  remained  alive  at  the  end  of  42  days,  when  the  experi- 
ment was  discontinued. 

Nicotinic  Add. — ^Nicotinic  acid  was  prepared  by  the  oxidation 
of  nicotine  with  nitric  acid  in  the  usual  manner  (27).  Such 
preparations  of  nicotioic  acid  piuified  by  recr3rstallization  from 
water  and  alcohol  have  been  administered  to  a  score  or  more  of 
poljrneuritic  pigeons  and  fowls  during  the  past  2  or  3  years,  but 
in  no  case  was  there  indisputable  evidence  of  benefit.    Such  a 
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TABLE  lU. 
Action  of  Dehydrated  Betaine  on  Polyneturitic  Pigeons, 
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Symptoms. 
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ralysis, se- 
verely pros- 
trated. 
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8 
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per 
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day 

mg. 

40 

1st 

5 

2nd 

5 

3rd 

5 

27 

1st 

5 

4th 

5 

36 

3 

36 

1st 

5 

3rd 

5 

32 

5 

33 

3 

25 

5 

23 

Ist 

5 

2nd 

5 

3rd 

5 

26 

1st 

5 

3rd 

5 

Poet-treatment  condition. 


Little  change  on  2nd; 
improved  on  3rd  day 
and  held  head  normally; 
no  further  change. 

No  change  for  3  days. 
Nearly  free  from  paral- 
ysis on  5th  day;  able  to 
fly   fairly   strongly  on 
6th. 

Nearly  recovered  on  2nd 
day;  able  to  fly  strong- 
ly on  3rd  and  so  con- 
tinued till  the  11th  day. 

Free  from  paralysis  but 
stupid  on  2nd  day; 
worse  on  3rd;  better 
again  on  4th.  Increas- 
ing weakness  through- 
out. 

Completely  cured  of  pa- 
ralysis on  2nd  day.  No 
symptoms  till  9th  day. 

No  change  on  2nd  day. 

Free  from  symptoms  on 
2nd  day;  returned  on 
9th. 

Not  improved  on  2nd 
day;  spastic  only  at  in- 
tervals on  3rd;  fully 
recovered  on  4th;  symp- 
toms returned  on  12th. 

Gradual  improvement  till 
the  5th  day  but  never 
quite  free  from  paraly- 
sis. Decline  apparent 
on  10th  day. 
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11 


18 


14 


3 
11 


13 
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TABLE  m— Concluded. 


1 

1 

2 

4 

• 
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• 
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Daya  fed  on  w 
before  onset. 

Symptoms. 

2 

1 

a 

} 

per 
cent 

• 

1 

Poet-treatment  condition. 

Length  oi    lil 
treatment. 

^y 

mg. 

daift 

229 

28 

Severe  paral- 

40 

l8t 

5 

Improvement  marked  on 

9 

yaia. 

2nd 
4th 

6 
5 

2nd  day  and  continued 
till  the  6th;  remained 
somewhat  ataxic. 
Gained      12      gm.      in 
weight. 

235 

25 

it 

26 

Ist 
3rd 

5 
5 

Improved    on    2nd    day; 
free  from  paralysis  on 

13 

4th;  able  to  run  freely 
on  6th   but  could  not 
fly;  declining  on  8th. 

preparation  of  nicotinic  acid  was  sublimed  and  3  mg.  of  the 
sublimate  were  administered  to  polyneuritic  pigeon  No.  74  with- 
out result.  Pigeon  199  received  an  injection  of  3  mg.  of  nico- 
tinic acid  which  had  been  continuously  subjected  to  a  tempera- 
ture of  140°  for  6  days.  No  improvement  resulted.  Pigeon  77 
received  without  benefit  5  mg.  of  the  substance  after  it  had  been 
heated  in  a  sealed  tube  at  250°  for  3  hours.  The  following  day 
this  bird  was  treated  by  another  method.  A  small  amount  of 
nicotinic  acid  was  converted  into  the  hydrochloride.  This 
was  decomposed  in  water  solution  with  freshly  precipitated 
silver  oxide,  and  the  filtrate  from  the  silver  chloride  was  in- 
jected. Within  3  hours  the  bird  was  standing  in  a  nearly  normal 
attitude  although  it  had  been  suflfering  from  severe  neck  retrac- 
tion when  observed  at  frequent  intervals  for  24  hours  previous. 
Nevertheless  the  pigeon  was  again  completely  paralyzed  on  the 
following  day.  It  then  received  the  filtered  solution  resulting 
from  the  decomposition  by  hydrogen  sulfide  of  a  few  mg.  of  sil- 
ver nicotinate  suspended  in  water.  No  improvement  ensued  and 
the  bird  was  dead  the  next  morning.  Pigeons  192  and  194  also 
were  treated  with  the  last  mentioned  product  without  result. 
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TABLE  IV. 


Effect  on  Polyneuritic  Pigeons  of  Solutions  Resulting  from  the  Decompost- 
tion  of  Nicotinic  Acid  Hydriode  with  Silver  Oxide. 


^  a 

• 

2 

Se 

1 

11 

LeocthofUfe 

.ul 
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Severe  paral- 
ysis      and 
neck       re- 
traction. 

30 

5 

Assumed  natural   atti- 
tude    after    3     hrs. 
Spastic  at  intervals. 
Still         occasionally 
spastic      next     day. 
Free   from   paral3rsi8 
on  2nd  day  but  still 
weak.    Weight    con- 
stant for  5  days. 

10 

152 

30 

<( 

32 

2 

Distinct  relief  in  2  hre. 
Little     further     im- 
provement    on     2nd 
day.      Entirely    free 
from  paralysis  on  3rd 

.  and     able     to     fly. 
Gained    20    gm.    in 
weight.      Put    on    a 
diet  of  wheat  on  7th 
day. 

Stm     liv- 
ing and 
well. 

155 

33 

General  pros- 
tration. 

46 

5 

Died  during  the  night. 

193 

16 

Severe  paral- 
ysis      and 
neck       re- 
traction. 

26 

5 

Nearly   free   from   pa- 
ralysis    in     12     hrs. 
Able  to  fly  strongly 
on  2nd  day.    Lively 
and  vigorous.  Gained 
12    gm.     in    weight. 
Symptoms     returned 
on  5th  day. 

5 
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Following  Kirpal's  method  for  converting  nicotinic  acid  methyl 
iodide  into  trigonelline  (24),  nicotinic  acid  hydriodide  was  de- 
composed with  silver  oxide.  Care  was  taken  to  avoid  the  use  of 
any  considerable  excess  of  silver  oxide.  The  fresh  filtrate  from 
the  resulting  silver  iodide  was  injected  promptly.  Table  IV 
shows  the  physiological  results  obtained.  The  rapidity  with 
which  the  paralysis  was  relieved  in  Birds  143  and  152  is  note- 
worthy. 

SUMMARY. 

1.  The  two  crystalline  forms  of  a-hydroxy pyridine  are  isomers 
and  mutually  convertible  into  one  another. 

2.  Only  the  needle  form  of  this  substance  is  curative  for  poly- 
neuritis. The  corresponding  crystal  form  of  j8-hydroxypyridine 
and  the  anhydrous  forms  of  methylpyridone,  trigonelline,  and 
betaine  produce  similar  curative  effects  on  polyneuritic  birds. 
The  last  three  named  have  been  tested  for  protective  properties 
with  negative  results. 

3.  It  is  concluded  that  the  curative  form  of  a-hydroxypyri- 
dine  is  a  pseudo  betaine  and  that  a  feature  conforming  more  or 
less  closely  in  structure  or  energy  conditions  to  the  type  of  a 
betaine  ring  is  probably  an  essential  characteristic  of  antineuritic 
"vitamines." 

4.  Attention  is  called  to  the  theoretical  possibiUty  of  the 
existence  of  such  a  structure  in  most  of  the  simpler  nitrogenous 
constituents  of  animal  tissues,  but  especially  in  the  nuclein  bases. 

6.  Preliminary  experiments  are  described  which  suggest  that 
nicotinic  acid  may  exist  in  a  betaine  form  and  that  the  curative 
properties  of  Funk's  ''vitamine"  fractions  of  yeast  and  rice 
polishings  may  have*  been  due  in  part  to  this  isomeric  form  of 
nicotinic  acid  or  a  polymer  or  simple  derivative  of  it. 
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EXPLANATION   OP   PLATE   4. 

« 

Fig.  1.  A  microscopic  field  of  the  freshly  prepared  needle  form  of 
a-hydroxypyridine  contaminated  with  a  few  granular  crystals,  the  ma- 
terial being  mounted  in  a  benzene-ligroin  mixture. 

Fig.  2.  The  same  microscopic  field  reproduced  as  it  appeared  after 
the  lapse  of  30  minutes.  Note  the  growth  of  the  granular  form  at  points 
of  original  contamination.  Further  transformation  has  been  retarded  by 
the  spontaneous  evaporation  of  the  film  of  liquid,  the  receding  edge  of 
which  is  seen  in  the  upper  photograph. 
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Preliminary  to  our  plan  for  making  an  elaborate  inquiry  into 
the  supplementary  dietary  relationships  among  our  natural  food- 
stuffs, we  have  carried  out  a  series  of  feeding  experiments  with  a 
long  list  of  the  individual  natural  foods.  We  have  supplemented 
these  with  single  and  multiple  additions  of  purified  food  factors, 
e.g.,  protein,  inorganic  salt  mixtiu*es  of  appropriate  composition, 
fat-soluble  A,  and  water-soluble  B,  in  order  to  evaluate  these  several 
dietary  factors  in  each  of  the  natural  products  which  we  are  study- 
ing in  combinations.  We  have  described  in  previous  papers  the 
results  obtained  by  this  procedure  with  wheat,*  rice,^  wheat 
germ,*  maize,^  and  oat  kernel.* 

In  the  present  paper  we  describe  the  behavior  of  young  rats 
when  fed  the  white  bean  of  commerce  as  the  principal  constituent 
of  the  diet,  and  supplemented  with  purified  food  factors  in  vari- 
ous ways.    The  results  indicate  clearly  the  low  biologic  value 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Ex- 
periment Station. 
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of  the  proteins  of  the  bean  when  fed  as  the  sole  source  of  amino- 
acids. 

Because  of  the  high  content  of  protein  in  beans,  they,  or  more 
generally  the  legumes  as  a  class,  have  been  frequently  recom- 
mended as  substitutes  for  the  apparently  more  expensive  sources 
of  protein;  vit.,  meat,  milk,  and  eggs.  It  is  clearly  apparent 
that  such  advice  may  be  misleading,  since  modem  investigations 
of  proteins  by  chemical  and  biologic  methods  have  made  it  clear 
that  from  the  dietetic  standpoint  the  term  protein  cannot  be 
loosely  employed  as  it  was  formerly.  Protein  is  of  biologic 
value  only  in  so  far  as  it  yields  appropriate  proportions  of  the 
essential  amino-acids.  The  facts  brought  out  by  the  data  here 
presented  may  be  summarized  as  follows. 

1.  The  low  nutritive  value  of  the  bean  proteins  is  shown  by  the 
behavior  of  Lot  718  (Chart  1)  whose  ration  contained  19.8  per 
cent  of  proteins  all  derived  from  the  bean.  There  was  high 
mortality  in  animals  fed  this  ration,  and  pronounced  stunting 
was  observed  in  aU. 

Lot  830  (Chart  2)  whose  ration  contained  19.0  per  cent  of 
protein  from  the  bean  and  3  per  cent  of  casein  was  noticeably 
improved  as  the  sole  result  of  the  small  casein  addition.  It  is 
evident  from  the  results  shown  in  Charts  1  and  2  that  there  is 
only  a  moderately  eflScient  supplementing  action  of  bean  pro- 
teins by  casein.  The  improvement  in  Lot  830  over  Lot  718  seems 
to  be  due  to  the  additional  protein  as  casein  in  greater  measure 
than  to  a  marked  increase  in  the  value  of  the  beans  through  the 
supplying  of  a  particular  amino-acid  present  in  very  small  amount 
in  bean  proteins  and  plentiful  in  casein. 

Lot  720  (Chart  3)  and  Lot  721  (Chart  4)  serve  further  to  sup- 
port the  view  expressed  above  regarding  the  low  biologic  value 
of  the  bean  proteins.  Oiu*  experience  with  the  group  of  proteins 
contained  in  the  bean  confirms  the  experience  of  Osborne  and 
Mendel*  with  phaseolin,  the  principal  protein  of  the  bean,  which 
they  isolated  and  fed  in  purified  form  supplemented  with  "pro- 
tein-free milk"  as  a  source  of  the  unidentified  dietary  factors  and 
inorganic  salts.  They  foimd  phaseolin  to  possess  very  little 
biologic  value. 

•  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Z.  phyaiol.  Chem,,  1912,  Ixxx,  307. 
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2.  A  high  content  of  beans  in  the  diet  appears  to  exert  an 
injurious  eflfect  on  the  rat.  This  is  illustrated  by  the  history  of 
Lot  720  (Chart  3)  as  compared  with  that  of  Lot  621  (Chart  5). 
The  only  significant  difference  in.  the  rations  of  these  two  groups 
was  in  the  content  of  beans.  The  former  contained  70  per  cent 
of  beans  and  the  latter  45  per  cent.  •  Each  ration  contained  9 
per  cent  of  casein.  The  animals  fed  the  lower  content  of  beans 
(Lot  621)  and  consequently  the  lower  protein  supply  were  much 
better  nourished  than  were  those  in  Lot  720.  The  same  is  true 
of  Lot  719  (Chart  6)  with  a  ration  containing  50  per  cent  of 
beans  with  4  per  cent  of  casein  as  contrasted  with  Lot  830 
(Chart  2)  whose  ration  contained  86.3  per  cent  of  beans  and  3 
per  cent  of  casein.  The  latter  with  19  per  cent  of  protein  were 
not  so  well  nourished  as  the  former  with  but  15  per  cent.  The 
young  which  were  successfully  weaned  in  Lot  621,  with  the 
lower  content  of  beans,  were  able  to  grow  normally  to  full  adidt 
size  and  produce  young.  Those  which  were  reared  on  Ration 
720  with  the  higher  bean  content  were  able  to  grow  at  less  than 
half  the  normal  rate  (compare  Charts  3  and  5).  Two  explana- 
tions seem  sufficiently  plausible  to  warrant  brief  comment.  It 
may  be  that  beans  contain  some  unknown  chemical  complex 
which  is  harmful  and  l^at  yoimg  rats  can  tolerate  without  pro- 
nounced injury  the  intake  of  the  hypothetical  substance  carried 
by  the  lower  plane  of  intake  of  beans,  but  show  the  effects  of  in- 
tensif3dng  this  factor.  Provisionally,  however,  we  have  adopted 
the  view  that  the  rats  are  mechanically  injured  by  the  disten- 
tion of  the  digestive  tract,  due  to  the  extent  of  fermentation  proc- 
esses after  eating  liberally  of  beans.  The  latter  contain  much 
carbohydrate  of  the  class  of  the  hemicelluloses,  for  the  digestion 
of  which  the  higher  animals  have  no  provision.  These  hemi- 
celluloses are,  however,  readily  attacked  by  microorganisms  in- 
habiting the  digestive  tract,  and  their  fermentative  decomposition 
is  accompanied  by  the  liberation  of  a  great  deal  of  gas.  That 
this  is  in  great  measure  responsible  for  the  injurious  effects  fol- 
lowing high  bean  feeding  is  supported  by  the  marked  tympa- 
nites observed  regularly  in  experimental  animals  eating  rations 
high  in  beans  (Figs.  1  and  2).  In  rats  under  45  gm.  body  weight 
the  distention  of  the  intestinal  tract  with  gas  appears  to  be  the 
direct  cause  of  death  on  such  rations.     Partial  asphyxiation  of 
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the  walls  of  the  intestinal  tract  through  interferences  of  the 
circulation  caused  by  excessive  stretching  is,  we  believe,  the 
principal  factor  in  debilitating  the  animals,  but  the  low  quality 
of  the  proteins  is  in  some  of  the  rations  here  described  a  contrib- 
uting factor. 

3.  The  white  bean  appears  to  be  even  poorer  in  its  content  of 
the  dietary  factor  fat-soluble  A  than  are  the  cereal  grains.  This 
is  illustrated  by  the  records  of  Lot  611  (Chart  7)  whose  ration  in 
Period  1  was  closely  similar  to  that  of  Lot  621  (Chart  6),  except 
that  no  butter  fat  was  included.  During  a  period  of  8  weeks 
there  was  no  growth  on  this  ration,  but  the  animals  responded 
at  once  with  growth  at  a  good  rate  when  in  the  second  period 
5  per  cent  of  butter  fat  replaced  its  equivalent  of  beans. 

4.  The  inorganic  content  of  the  bean  is  not  of  a  character 
which  supports  growth.  This  is  seen  in  the  records  of  Lot  778 
(Chart  8)  whose  ration  closely  resembled  that  of  Lot  621  (Chart 
5)  except  that  no  salt  mixture  was  added  in  Period  1.  No 
growth  took  place,  until  in  the  second  period  1.90  per  cent 
of  a  suitably  constituted  salt  mixture  was  introduced,  when  the 
animals  at  once  responded  with  increase  in  body  weight.  In  this 
respect  the  bean  behaves  like  all  other  seeds  which  we  have 
studied.  In  all  cases  the  seeds  of  plant^  require  a  modification 
of  their  inorganic  content  by  salt  additions  before  growth  can 
take  place  when  the  other  dietary  factors  are  suitably  improved 
by  the  addition  of  purified  food  substances.  With  combinations 
of  seed  with  leaf  we  have  been  able  to  nourish  rats  adequately 
through  foiu*  generations  on  a  strictly  vegetarian  diet  without 
either  protein,  salt,  or  fat-soluble  A  additions.'  This  is  pos- 
sible because  of  the  high  content  and  peculiar  composition  of  the 
inorganic  content  of  the  leaf*  and  its  richness  in  the  fat-soluble  A. 

5.  The  richness  of  the  bean  in  the  imidentified  water-soluble 
B  is  shown  by  the  remarkable  history  of  Lot  696  (Chart  9)  whose 
ration  consisted  of  a  mixture  of  purified  foodstuffs  including  6  per 
cent  of  butter  fat  to  furnish  the  fat-soluble  A.  The  ration  was  so 
composed  as  to  require  only  the  addition  of  the  water-soluble  B 
to  support  growth.  The  sole  function  of  the  25  per  cent  of  beans 
in  the  food  mixture  was  to  furnish  this  dietary  factor.  On  this 
ration  growth  was  complete  and  one  female  has  produced  two 

^  McCollum,  Simmonds,  and  Pitz,  Am.  J.  Physiol,,  1916,  xli,  333. 
*  Forbes,  E.  B.,  Ohio  Agric.  Exp.  Station  BuU.  H2,  1910. 
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litters  of  young  (eighteen  young)  of  which  eight  were  reared. 
The  beans  employed  in  this  ration  were  soaked  in  distilled  water 
and  heated  for  IJ  hours  at  15  poimds'  pressure,  dried,  and 
ground. 

Mendel  and  Fine*  noted  the  relatively  low  utiUzation  of  the 
proteins  of  the  bean  and  showed  that  the  cause  lay  in  part  in  the 
high  content  of  indigestible  carbohydrate.  This  prevents  di- 
gestion to  some  extent  by  protecting  the  proteins  from  contact 
with  the  digestive  juices.  The  indigestible  carbohydrate  hke- 
wise  acts  as  a  sponge  to  absorb  the  secretions  of  the  tract  with 
their  content  of  proteins  and  their  cleavage  products,  and 'pre- 
vents their  reabsorption.^®  Our  own  experiments  furnish  con- 
clusive evidence  that  the  entire  protein  mixture  of  the  bean  is  of 
low  value,  but  further  inquiry  must  be  made  to  show  which 
amino-acid  is  the  limiting  factor  in  determining  the  poor  quaUty 
of  these  proteins. 

Goldberger"  has  emphasized  the  desirability,  in  planning 
dietaries  for  the  treatment  of  pellagra,  or  for  the  prevention  of  its 
rectirrence,  of  including  fresh  animal  and  leguminous  protein 
foods.  It  is,  of  course,  probable  that  properly  planned  experi- 
mental inquiry  will  show  that  when  combined  with  appropriate 
proportions  of  the  protein  of  certain  other  natural  foods,  the  pro- 
teins of  the  bean  may  be  greatly  enhanced  in  biologic  value. 
We  have  imder  way  an  investigation  of  this  question.  It  should 
be  emphasized  that  the  evidence  at  present  available  points  to 
the  conclusion  that  the  bean  proteins  are  decidedly  inferi9r  to 
those  of  meat,  milk,  eggs,  and  the  cereal  grains  which  have  thus 
far  been  carefully  studied,  viz.j  wheat,  maize,  oat,  and  rice 
kernels. 

The  bean  contains  an  abimdance  of  the  unidentified  water- 
'  soluble  B,  since  25  per  cent  of  beans  as  the  sole  source  of  this 
factor  (Chart  9)  supports  completion  of  growth  and  repetition 
of  reproduction.  In  this  respect  it  does  no^  differ  markedly 
from  the  cereal  grains."  We  would  point  out,  therefore,  that 
by  the  methods  of  investigation  we  have  employed,  no  pecuUar 
dietary  properties  of  the  bean  indicating  unusual  value  have 

•Mendel,  L.  B.,  and  Fine,  M.  S.,  J.  Biol.  Chem.,  1911-12,  x,  433. 
"  Mendel,  L.  B.,  and  Lewis,  R.  C,  J,  Biol.  Chem.,  1913-14,  xvi,  55. 
"  Goldberger,  J.,  /.  Am.  Med.  Assn.,  1916,  Ixvi,  471. 
"  McCollum,  Simmonds,  and  Pitz,  /.  Biol.  Chem.,  1916-17,  xxviii,  229. 
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been  revealed.  Unless,  as  has  been  pointed  out  above,  it  shall 
be  foimd  that  proteins  from  other  constituents  of  the  diet  make 
good  the  chemical  deficiencies  of  the  proteins  of  the  bean,  the 
generaUzation  of  McKay^  that  they  (the  legumes)  "as  a  source 
of  protein  are  superior  to  most  of  the  cereals"  cannot  be  ac- 
cepted in  the  hght  of  experimental  work  now  available.  Judging 
from  the  decided  damage  to  the  intestine  which  results  from  the 
excessive  fermentation  of  the  carbohydrates  of  beans  we  feel 
safe  in  sa3dng  that  this  legume  should  imder  no  circimastances 
form  a  principal  part  in  any  relatively  monotonous  diet  such  as 
many  institutions  even  in  this  coimtry  fiunish  their  inmates. 

Finally,  mention  should  again  be  made  of  the  fact  that  our 
simple  interpretation  of  the  causes  of  failure  in  the  case  of  certain 
of  oiu*  diets  proves  adequate  in  all  cases.  The  data  furnished  in 
this  and  our  former  papers^"^  now  warrant  the  conclusion  that 
the  great  problem  in  practical  dietetics  and  in  animal  production 
hes  not  in  sec\u*ing  enough  of  the  imidentified  chemical  complex 
associated  with  the  causation  of  polyne\u*itis  (water-soluble  B), 
but  in  seciu-ing  a  satisfactory  adjustment  among  (1)  the  diges- 
tion products  of  the  proteins  of  the  diet  (amino-acids),  (2)  an 
adequate  supply  of  the  fat-soluble  A,  and  (3)  more  important 
even  than  a  high  biologic  value  of  the  protein  mixture  of  the 
ration,  a  content  of  the  essential  inorganic  elements  suitable  in 
amoimts  and  proportions. 

Our  extensive  experience  in  feeding  natural  food  substances 
restricted  to  a  single  so\u*ce  now  leaves  no  room  for  doubt  that  the 
character  of  the  inorganic  content  of  the  food  mixture  if  fed  mo- 
notonously constitutes  a  factor  of  the  greatest  importance  in  in- 
fluencing growth  and  well-being.  Furthermore,  it  is  now  evident 
that  so  small  an  amount  as  15  per  cent  of  wheat  kernel,  3  per 
cent  of  wheat  germ,  or  25  per  cent  of  thoroughly  cooked  beans 
serve  to  supply  an  ample  amoimt  of  all  the  as  yet  chemically 
imidentified  food  essentials  except  that  supplied  by  butter  fat 
(fat-soluble  A).  We  are  convinced  that  the  prevalent  tendency 
to  regard  several  types  of  malnutrition  (scurvy,  pellagra,  rickets, 
etc.)  as  being  each  due  to  the  lack  of  a  specific  chemical  complex 
in  the  diet  cannot  be  supported  by  convincing  experimental 
proof.  Any  diet  containing  a  moderate  cohtent  of  a  wholesome 
natural  food  will  not  be  lacking  in  the  water-soluble  B. 

"  McKay,  D.,  The  Protein  Element  in  Nutrition,  London,  1912,  p.  58. 
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Chabt  1.  Lot  718  illustrates  the  poor  growth  of  rats  fed  a  diet  which  as  far 
as  concerns  chemical  complexes  is  an  adequate  food  mixture  except  for  the  poor 
quality  of  the  proteins,  all  of  which  (19.6  per  cent)  are  derived  from  beans. 
The  validity  of  this  e^lanation  is  evident  from  the  records  of  Lot  830,  Chart 
2,  and  of  Lot  720,  Chart  3,  whose  rations  were  closely  similar  to  those  of  Lot 
718,  Chart  1,  except  that  3  per  cent  and  9  per  cent  of  casein  respectively  were 
included  in  the  diets.  Four  yoimger  animals  failed  entirely  to  grow  on  this 
diet  and  died  after  2  to  3  weeks.  We  attribute  a  positive  injurious  effect  of  a 
high  bean  content  in  a  monotonous  diet  to  the  excessive  fermentation  of  hemi- 
celluloses. 
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Chart  2.  Lot  830  shows  that  3  per  cent  of  casein  superimposed  upon 
19  per  cent  of  bean  proteins  does  not  greatly  increase  the  value  of  the 
latter.  This  we  interpret  as  an  indication  that  the  supplementary  re- 
lationship of  casein  for  the  bean  proteins  is  not  exceptionally  efficient 
in  the  sense  that  casein  is  very  rich  in  the  one  or  more  amino-acids  which 
are  present  in  smallest  amounts  and  therefore  form  the  limiting  factors 
which  determine  the  biologic  value  of  the  bean  proteins.  Owing  to  the 
depressing  effect  of  the  excessive  gas  formation  which  may  in  some  degree 
mask  a  moderate  improvement  in  the  quality  of  the  protein  through  small 
casein  additions,  we  do  not  feel  that  with  the  data  at  present  available 
this  point  can  be  settled  with  certainty.  This  chart  should  be  compared 
with  Charts  1  and  3. 
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Chabt  3.  Lot  720  shows  the  growth  obtained  in  rats  fed  a  ration  closely  similar  to 
ttose  of  Charts  1  and  2  but  with  a  higher  content  of  casein  (9  per  cent)  supplement- 
\g  the  bean  proteins  (16.94  per  cent)  of  the  food  mixture.  With  this  amount  of 
uein  normal  growth  was  secured.  These  records  when  considered  in  connection  with 
tioee  of  Charts  1  and  2  establish  the  fact  that  the  proteins  of  the  bean  are  of  very 
>w  biologic  value  and  they  must  be  combined  with  proteins  from  other  sources  which 
re  so  constituted  as  to  make  good  their  deficiencies  with  respect  to  certain  amino- 
cids  before  they  can  become  eflBcient  for  supporting  growth.  The  decided  im- 
rovement  in  the  growth  of  rats  receiving  bean  proteins  with  very  small  casein 
dditions  (3  to  4  per  cent)  (Charts  2  and  6)  supports  the  belief  that  casein  does  supply 
(^loewhat  liberally  certain  amino-acids  in  which  the  bean  proteins  are  especially  poor, 
"he  disturbing  influence  of  the  excessive  fermentation  in  the  intestine  in  animals  fed 
uch  rations  as  are  described  in  these  charts  makes  it  impossible  at  present  to  pass 
efinitely  upon  this  point.  This  ration  does  not  support  optimiun  well-being  in  the 
Jumals,  however,  for  the  two  females  of  this  group  produced  but  a  single  litter  of 
oimg  up  to  the  age  of  9  months  and  these  young,  continued  on  the  mother's  ration, 
T^yf  only  at  about  half  the  normal  rate.  We  are  inclined  to  attribute  this  debili- 
Ating  effect  in  part  at  least  to  mechanical  injury  to  the  digestive  tract. 
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Ghabt  4.  Lot  721  was  introduced  into  the  series  of  experiments  here 
described  to  ascertain  whether  by  reducing  the  content  of  beans,  and 
therefore  the  amount  of  indigestible  but  fermentable  carbohydrates 
(hemicelluloses),  the  animals  might  make  better  use  of  the  proteins  of 
the  bean.  This  did  not  prove  to  be  the  case.  After  3^  months  of  sus- 
pended growth  they  responded  promptly  when  9  per  cent  of  casein  was 
introduced  into  the  diet.  Ck>mpare  these  records  with  those  of  Lot  621, 
Chart  5,  whose  diet  contained  9  per  cent  of  casein  throughout  the  experi- 
ment but  was  otherwise  identical  with  that  of  Lot  721. 


E.  V.  McCollum,  N.  Simmonds,  W.  Pitz    531 


Chabt  5.  Lot  621.  These  records,  when  considered  along  with  those 
of  Chart  4,  Lot  721,  indicate  clearly  that  the  factor  which  is  responsible 
for  the  poor  nutrition  of  the  latter  was  the  poor  quality  of  the  proteins  of 
the  beans.  That  the  content  of  the  beans  in  easily  fermentable  hemi- 
celluloses,  for  the  digestion  of  which  the  higher  animals  are  not  provided 
with  enz3rmes,  is  a  depressing  factor  in  our  experiments  containing  beans 
is  emphasized  by  a  comparison  of  Chart  5  with  Chart  3,  Lot  720,  whose 
ration  was  closely  similar  but  contained  70  per  cent  of  beans.  The  rats 
receiving  the  lower  content  of  total  protein  (and  hemicellulose)  were  dis- 
tinctly better  nourished  than  those  receiving  the  higher  bean  allowance. 
This  we  attribute  to  the  mechanical  injury  resulting  from  distention  of  the 
digestive  tract  with  gas.  Ration  621  contained  18.9  per  cent,  and  Ration 
720  24.4  per  cent  of  protein. 
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Chart  6.  Lot  719  illustrates  the  character  of  the  growth  curves  obtained  with  s 
diet  all  factors  of  which  were  fairly  satisfactorily  constituted  but  which  derived  its 
protein  (15  per  cent)  from  50  per  cent  of  beans  and  4  per  cent  of  casein.  Growth  waa 
somewhat  below  normal  and  reproduction  greatly  depressed,  ^o  young  were  reared. 
Poor  quality  of  the  protein  moiety  and  the  depressing  effects  of  excessive  intestin&l 
fermentation  are  the  causes  of  the  unsatisfactory  nutrition  of  these  rats.  Compard 
with  Lot  830,  Chart  2,  and  Lot  621,  Chart  5. 
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Chart  7.  Lot  611  shows  that  beans  contain  very  little,  if  any,  of  the  uniden- 
tified fat-floluble  A.  In  Period  1  there  was  lio  growth,  although  the  diet  -was 
adequate  except  for  its  lack  of  the  fat-soluble  A.  After  2  months'  suspension  of 
growth  the  animals  responded  with  normal  growth  on  the  inclusion  in  Period 
2  of  5  per  cent  of  butter  fat  in  the  diet.  This  diet  contained  20  per  cent  of 
protein,  11  per  cent  of  which  was  furnished  by  beans. 


THB  JOT7RNAL  OF  BIOLOGICAL  OHBMISTBT,  VOL.    XXIX.   NO.  3 


534 


Deficiencies  of  White  Bean 


Chabt  8.  Lot  778  illustrates  the  fact  that  the  inorgaoic  content  of 
45  per  cent  of  beans,  supplemented  with  the  phosphorus  and  sulfur  in  9 
per  cent  of  casein  does  not  support  growth  even  though  the  organic  por- 
tion of  the  ration  is  adequate  for  fairly  good  nutrition  over  a  long  period 
(compare  Chart  5,  Lot  621).  In  Period  2  the  addition  of  1.9  per  cent  of 
Salt  Mixture  185  induced  prompt  resumption  of  growth  at  the  normal 
rate.  The  bean,  like  the  cereal  grains  we  have  studied, ^'*  contains  an 
inorganic  content  which  is  unsatisfactory  in  its  content  and  composition 
for  the  promotion  of  physiologic  well-being  in  a  growing  animal. 
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Chart  9.  Lot  606  shows  the  richness  of  the  bean  in  the  unidentified  dietary  factor  water- 
>ohble  B.  This  ration,  aside  from  its  bean  content,  consists  of  a  mixture  of  purified  food 
substances  which  supplies  adequate  protein,  salts,  carbohydrate,  and  fat-soluble  A  (in  the 
butter  fat).  The  sole  essential  function  of  the  25  per  cent  of  beans  in  the  food  mixture  is 
^  furnish  the  water-soluble  B.  The  beans  were  soaked  in  water  and  then  heated  for  1} 
boun  in  an  autoclave  at  15  pounds'  pressure,  dried,  and  ground  before  incorporation  with 
^  ration.  Even  after  this  drastic  treatment,  beans  to  the  extent  of  one-fourth  of  the  food 
'iWure  supplied  enough  of  the  factor  B  to  induce  perfectly  normal  growth.  One  female 
P'^uced  two  litters  of  young  (eighteen  young),  of  which  eight  were  successfully  weaned, 
ioe  curve  of  one  of  her  daughters  is  practically  normal  on  this  ration. 
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EXPLANATION   OF  PLATE   5. 

Fig.  1.  The  appearance  of  the  abdomen  of  a  nonnal  rat. 
Fig.  2.  The  appearance  of  the  abdomen  of  a  rat  fed  a  monotonous  ra- 
tion containing  a  high  content  of  beans.    Note  the  marked  t3rmpanite8. 
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